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(54) 2-AMINOPROPANE-1,3-DIOL COMPOUNDS, MEDICINAL USE THEREOF, AND 
INTERMEDIATES IN SYNTHESIZING THE SAME 

(57) The present invention relates to a compound of the general formula 



CHjOR 3 
R 1 R 2 N-C— (CH2) 2 
CHjOR 4 



O 

0-°- (cH2 >*-\ / 




(I) 



wherein R 1 , R 2 , R 3 and R 4 are each a hydrogen or an acyl, a pharmaceutical^ acceptable acid addition salt thereof or 

TI a hydrate thereof; a pharmaceutical comprising this compound; a pharmaceutical composition comprising this com- 

" pound and a pharmaceutical^ acceptable carrier; and 2-amino-2-(2-(4-(1-hydroxy-5-phenylpentyl)phenyl)ethyl)pro- 

gJ pane-1 t 3-diol or 2-amino-2-(2-(4-formylphenyl)ethyl)propane-1,3-diol, the derivatives of the two compounds whose 

1^ amino group and/or hydroxy group are(is) protected or a salt thereof. The compound of the present invention «hows 

^ superior immunosuppressive action with less toxicity and higher safety, and is useful as a drug for prevention or sup- 

O pression of rejection of organs or bone marrow transplantation, or as a drug for prevention or treatment of various 

O autoimmune diseases or allergic diseases. 
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Technical Field 
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Background of the Invention 

,0.02, WO94/08943 diebfcsee ^^^^^^^^t^X. 
UApropane-LMiol hydrochloride useful » ""^" nt Ben^s disease end the like, end rheo- 

„ ,» a therapeutic eg.nl of uartoue " e K" supprLanl ol rejection in organ or bone 

^^Sn^^ disease. - a. peer*.*. Behpef, disease 

and the like, and rheumatic d.seas es^ 2 -methylamino-2-(phenylmethyl or phenylmethyl substi- 

2-(p-chlorobenzyl)propane-1.3-dio. as an ant i-radiation < ^ "^J^ and highly safe comp ound as a suppres- 
[0004] The object of the present .nvenbon ito^h ^f a ^ h f^utic^gen? of autoimmune diseases such as 

tt h p3K '-2= - p— - — - said - 

pound, and a synthetic key compound of the "^JP^S" order to achieve the above-mentioned object and 

SSL ^S^S^SS— * - — ~ 43 

CH^R 6 
R^N-C-CHaOR* 
R 

a c^ound „herei, e, the ~, 

group ., the end of the oerbon oha.n ^£^SZ is substituted by a carbpnyf group (.heap com- 

"" S^r^SrS S3w piJL iess .«* h*h .are* end super*, inr™- 
SCSJS^l. -esu^ in .he co m p,e,k,n o. .he presen, inyen.,0, 

40 Disclosure of the Invention 

[0006] Namely, the present invention relates to the following. 
(1) A2-aminopropane-1,3^ 
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CHPR 3 
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55 



R^R^-C^CH^-^^C^CH^--^ ( 1 > 

CHjOR* 

wherein R 1 , R 2 , R3 and R 4 are the same or different and each is a hydrogen or an acyl; a pharmaceutical* accept- 
able acid addition salt thereof or a W rate *°'«° f ' aforement ioned (1). which is 2-amino-2-(2-(4-(1-oxo-5- 
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maceutically acceptable acid addition salt thereof or a hydrate thereof, 

(3) a pharmaceutical comprising the 2-aminopropane-1 ,3-diol compound according to the aforementioned (1) or 
(2), a pharmaceutical^ acceptable acid addition salt thereof or a hydrate thereof; 

(4) an immunosuppressant comprising, as an active ingredient, the 2-a mino pro pa ne-1 ,3-diol compound according 
5 to the aforementioned (1) or (2), a pharmaceutical^ acceptable acid addition salt thereof or a hydrate thereof, 

(5) a suppressant of rejection comprising, as an active ingredient, the 2-aminopropane-1 ,3-diol compound accord- 
ing to the aforementioned (1) or (2), a pharmaceutical^ acceptable acid addition salt thereof or a hydrate thereof, 

(6) an agent for the prevention or treatment of graft-versus-host diseases comprising, as an active ingredient, the 
2-aminopropane-1,3-diol compound according to the aforementioned (1) or(2), a pharmaceutical^ acceptable acid 

10 addition salt thereof or a hydrate thereof, 

(7) an agent for the prevention or treatment of autoimmune diseases or allergic diseases comprising, as an active 
ingredient, the 2-aminopropane-1 ,3-diol compound according to the aforementioned (1) or {2), a pharmaceutical^ 
acceptable acid addition salt thereof or a hydrate thereof, 

(8) a pharmaceutical composition comprising the 2-a mino pro pa ne-1 ,3-diol compound according to the aforemen- 
15 tioned (1) or (2), a pharmaceutical^ acceptable acid addition salt thereof or a hydrate thereof and a pharmaceuti- 

cally acceptable carrier, t 

(9) 2-amino-2-(2-(4-(1-hydroxy-5-phenylpentyl)phenyl)ethyl)propane-1 ,3-diol (hereinafter sometimes to be referred 
to as Compound (II)), a compound thereof wherein amino group and/or hydroxy group are(is) protected or a salt 
thereof, 

20 (10) 2-amino-2-(2-(4-formylphenyl)ethyl)propane-1 ,3-diol (hereinafter sometimes to be referred to as Compound 
A), a compound thereof wherein amino group and/or hydroxy group are(is) protected or a salt thereof: 

[0007] The compound of the present invention (I) is represented by the formula 

CH2OR o 

R 1 R 2 N~C-(CH2) 2 — (I) 

30 CHzOR 4 

wherein each symbol is as defined above, and has structural characteristic that, in the carbon chain at the 2-position of 
the 2-aminopropane-1,3-diol skeleton, a p-phenyiene group in the said carbon chain and a phenyl group at the end of 
35 the said carbon chain are substituted and, in the carbon chain between the said p-phenylene group and the phenyl 
group, the carbon at the a-position of the p-phenylene group is substituted by a carbonyl group. Due to this structural 
characteristic, the compound of the present invention possesses less toxicity and high safety and shows superior immu- 
nosuppressive action. 

[0008] Compound (II) of the present invention is represented by the formula 



40 



45 



CHjPH oh _ 

H 2 N-C-(CH 2 ) 2 -~^y--CH--(CH 2 )4— 

CH20H s ' 



and Compound A of the present invention is represented by the formula 

so 



HzN-C-fCHzfe— I V-C-H 
55 CH2OH 



CH2OH O 

■ O 
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[0009] -^ OT MTC^ 

StiSHSiTSS £j£5 .hereof w»h ox„ie acio to .M-™ cy.^. 

Eir=tOT » — ■ * 

hydrate and 3/2 hydrate. The present invention: ^^^^S; A usefu , as a synthetic intermediate forthe 

?° T2 ra t2 S; rt bllbenzoyVp-tert-butylbenzenesulfonyl, benzenesuifonyl and toluenesuKonyl; a car- 
benzoyl. p-n.trobenzoyl. ^ e ?^J^:°^^ nvi j SO p rop oxycarbonyl. tert-butoxycarbonyl, 2-cyanoethoxycarbony, 



Method A 



a n *\ ^~r~in Ri R 2 R 3 and R 4 are hydrogen in Compound (I) is produced by the following 
pound of the formula (III) [hereinafter referred to as Compound (III)] 
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M-<CH2) 4 - 




(ID) 



5 



wherein M is a metal widely employed in the field of organic synthetic chemistry, such as lithium, magnesium chloride, 
magnesium bromide, magnesium iodide, copper, lithium copper and nickel; and a protecting group is removed, if nec- 
10 essary, to give Compound (II) 



20 or a compound thereof wherein an amino group and/or a hydroxyl group are/is protected, followed by oxidation of the 
hydroxyl group at the ct-position of the phenylene group with a suitable oxidizing agent r and a protecting group is 
removed, if necessary, to give Compound (l-a). 

[0021] Examples of the organic solvent to be used in the reaction with Compound (III) include tetrahydrofuran, die- 
thyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, benzene, toluene, xylene, dioxane, 
25 methylene chloride, chloroform, dichloroethane and acetonitrile. 

[0022] The reaction temperature of the present reaction is generally from -100 to 80 °C and a lower or higher tem- 
perature than the said temperature range may be selected on demand. 

[0023] The reaction time of the present reaction is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

30 [0024] After the reaction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (II) can be purified by a method known in the field of organic synthetic chemistry, such 
as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
[0025] Examples of the oxidizing agent to be used in the oxidation reaction of Compound (II) include chromic acid- 
suffuric acid, chromium oxide( Vl)-sulfuric acid-acetone (Jones reagent), chromiun oxide (Vl)-pyridine complex (Collins 

35 reagent), dichromate (e.g. sodium dichromate, potassium dichromate)-sulfuric acid, pyridinium chlorochromate (PPC), 
manganese dioxide, dimethysulfoxide-electrophilic activated reagent (dicyclohexylcarbodiimide, acetic anhydride, 
(di)phosphorous pentaoxide, sulfur trioxide-pyridine complex, trifluoroacetic anhydride, oxalyl chloride, halogen), 
sodium hypochlorite, potassium hypochlorite, sodium bromite, N-bromosuccinimide, N-chlorosuccinimide, N-bromoa- 
cetamide, 2,3-dichloro-5,6-dicyano-p-benzoquinone, tetrachloro-p-benzoquinone, tetrachloro-o-benzoquinone, nitric 

40 acid, dinitrogen tetraoxide, anhydrous benzeneseleninic acid, ruthenium tetraoxide, ruthenium dioxide-sodium perio- 
date, bischlorobis(triphenylphosphine)ruthenium-iodosylbenzene or sodium bismuthate. 

[0026] Examples of the solvent to be used in the present reaction include water, acetic acid, diethyl ether, tetrahy- 
drofuran, dioxane, acetone, tert-butyl alcohol, methylene chloride, chloroform, hexane, benzene, toluene or a mixture 
thereof. 

45 [0027] The reaction temperature of the present reaction is generally from 0 to 100 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0028] The reaction time of the present reaction is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period maybe selected on demand. 

[0029] After the reaction is carried out under the above-mentioned conditions or after removing the protecting 
so group(s) on demand, Compound (l-a) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 



55 [0030] Compound (I), wherein R 1 , R 2 , R 3 and R 4 are acyl, is produced by the following method. Namely, Compound 
(l-a) is protected on demand and reacted with acyl halide in the presence of a base, followed by removal of the protect- 
ing group(s) on demand to give the compound wherein the corresponding amino group and/or hydroxyl group are/is 
acylated. In the present method, Compound (II) instead of Compound <l-a) is reacted and treated in the same manner 



15 





CH 2 OH 



Method B 
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by the following method. 
Method C 

[0032] A compound of the general formula (IV) [hereinafter referred to as Compound (IV)] 



10 



15 



(IV) 



of the general formula (V) [hereinafter referred to as Compound (V)] 



20 COOR 5 



25 



30 



35 



40 



R»NH-CH ( V ) 

COOR 5 

wherein R 5 is a lower a, k y. such as methyl, propyi. ^^^ p ^^^ 
nitrobenzyl. methoxybenzy. and ^hylbenzy ^ R s s in ^ mole . 

synthetic chemistry, such as acetyl, benzoyl. ^f^^^^^B Ztecu\e may in combination form a ring 

r:;roL^^ 

(VI) [hereinafter referred to as Compound (VI)] 

COOR 5 

R^H-C^CH^-^y W 
COOR 5 



45 to as Compound (VII)] 

CHPR 7 

r «nh4- ( ch^-(_) (vn) 

CHaPR 7 



55 



benzyl. benzyl. mrnUykW. WI-bulyM^btbybiW J T ^2^etoS dichtorojhyl m..hyl .Uw h, the P~- 
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ereof. 

[0033] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
ethoxide, sodium hydride, potassium hydride, lithium diisopropylamide, butyllithium, lithium hexamethyldisilazane, tri- 
ethylamine, diisopropylethylamine and 1 ,8-diazabicyclo[5.4.0]undec-7-ene. 

[0034] Examples of the organic solvent to be used in the condensation include methanol, ethanol, tert-butyl alcohol, 
tertahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, benzene, toluene, 
xylene, dioxane, methylene chloride, chloroform, dichloroethane and acetonitrile. 

[0035] The reaction temperature of the condensation is generally from -20 to 1 50 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0036] The reaction time of the condensation is generally from 30 minutes to 2 days and a longer or shorter reaction 
period than the indicated period may be selected on demand. 

[0037] After the condensation is carried out under the above-mentioned conditions or after removing the protecting 

group(s) on demand, Compound (VI) can be purified by a method known in the field of organic synthetic chemistry, such 

as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

[0038] Examples of the reducing agent to be used in the reduction of ester include, for example, a metal reducing 

reagent such as sodium borohydride, lithium borohydride or lithium aluminum hydride, or diborane. 

[0039] Examples of the solvent to be used in the reduction of ester include, for example, water, methanol, ethanol, 

1-propanol, 2-propanol, tert-butyl alcohol, tetrahydrofuran, dioxane, diethyl ether, ethylene glycol dimethyl ether or a 

mixture thereof. 

[0040] The reaction temperature of the reduction of ester is generally from -20 to 80 °C and a lower or higher tem- 
perature than the said temperature range may be selected on demand. 

[0041] The reaction time of the reduction of ester is generally from 30 minutes to 10 hours and a longer or shorter 
reaction period than the indicated period may be selected on demand. 

[0042] After the reduction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, the objective compound can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
[0043] Examples of the Lewis acid to be used in the reaction with dichloromethyl methyl ether include aluminum 
chloride, titanium tetrachloride, tin tetrachloride, antimony(V) chloride, iron(lll) chloride, boron trifluoride, bismuth(lll) 
chloride, zinc chloride and mercury(ll) chloride. 

[0044] Examples of the organic solvent to be used in the reaction with dichloromethyl methyl ether include tetrahy- 
drofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, methylene chloride, chlo- 
roform, dichloroethane, acetonitrile, nitromethane and carbon disulfide. The reaction may be carried out without solvent 
where necessary. 

[0045] The temperature of the reaction with dichloromethyl methyl ether is generally from -20 to 0 °C and a lower 
or higher temperature than the said temperature range may be selected on demand. 

[0046] The time of the reaction with dichloromethyl methyl ether is generally from 30 minutes to 24 hours and a 
longer or shorter reaction time than the indicated period may be selected on demand. 

[0047] After the reaction with dichloromethyl methyl ether is carried out under the above-mentioned conditions or 
after removing the protecting group on demand, the objective compound can be purified by a method known in the field 
of organic synthetic chemistry, such as solvent extraction, recrystallization, chromatography or a method using an ion 
exchange resin. 

[0048] As other methods to synthesize Compound A from Compound (VII) include (1) a method comprising Vils- 
meier reaction using N.N-dimethylformamide, N-methylformanilide, N-formylmorpholine or N.N-diisopropylformamide, 
and a halogenating reagent such as phosphoryl chloride, phosgene, oxalyl chloride, thionyl chloride, triphenylphos- 
phine bromine or hexachlorotriphosphazatriene, and hydrolysis, (2) a method comprising reaction with hexamethylene- 
tetramine in the presence of an acid catalyst (e.g., acetic acid, triphenylacetic acid) and hydrolysis (Duff method), (3) a 
method comprising reaction of a combination of carbon monoxide and hydrogen chloride, or a combination of formic 
acid and chlorosulfuric acid, thionyl chloride or phosphorus oxychloride in the presence of aluminum chloride using cop- 
per(l) chloride as a cocatalystas necessary (Gattermann-Koch method), (4) a method comprising reaction of dry hydro- 
gen cyanide and hydrochloric add (Gattermann method) and the like. 

Method D 




[0049] Using, in Method C, a compound of the general formula (VIII) [hereinafter referred to as Compound (VIII)] 
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LvHCHafa—C y~ H * (Vm) 



wherein Ha. is halogen such as ch.orine, bromine or iodine. Lv is as defined above, instead of Compound (.V). a com- 
pound of the general formula (IX) [hereinafter referred to as Compound (IX)] 

CH2OR 7 

R 6 NH-C-(CH2) 2 --^y--Hal ( K ) 

CH2QR 7 

«,h. re in R6 R7 and Hal are as defined above, is obtained; the obtained compound is reacted with a formylating agent 
Tn the present of magnesium and subjected to hydrolysis; and protecting group(s) is/are removed, i necessary, to g.e 
rnmnound A or N- and/or O-protected compound thereof. 

msT^^som^o soK,ent to be used in the present reaction include tetrahydrofuran. dHjMK^ 
y?ene g-ycoS^eL, diethylamide, dimethyl suboxide, benzene, toluene, xylene, d.oxane. methylene ch.o- 

ST *tt££ 30 minutes to 2 days and a longer or shorter 
reaction period than the indicatedperiod^ or ^ removjng ^ protecting 

^on^rn^r^r^ 

advent extraction, recrystal.ization. chromatography or a method us.ng an ,on exchange res.n. 
Method E 

[0055] A compound of the general formula (X) [hereinafter referred to as Compound (X)] 

Lv-(CH2) 2 --iV-Y (X) 



pound (XI)] 
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CHPR 7 

R 6 NH-CH (XI) 
COOR 5 

wherein R 5 , R 6 and R 7 are as defined above; to give a compound of the general formula (XII) [hereinafter referred to as 
Compound (XII)] 



CHaOR 7 

R 6 NH-C-(CH2) 2 —^ >— Y (XH) 

1 K. 



COOR 5 

wherein R 5 , R 6 , R 7 and Y are as defined above; the ester group is subjected to reduction with a^suitable-reducing agent 
and protecting group(s) is/are introduced or removed, if necessary, to give Compound A or N- and/or O- protected com- 
pound thereof. 

[0056] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
ethoxide, sodium hydride, potassium hydride, lithium diisopropylamide, butyllithium, lithium hexamethyldisilazane, tri- 
ethylamine, diisopropylethylamine and 1,8-diazabicyclo[5.4.0]undec-7-ene. 

[0057] Examples of the organic solvent to be used in the condensation include methanol, ethanol, tert-butyl alcohol, 
tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, benzene, toluene, 
xylene, dioxane, methylene chloride, chloroform, dichloroethane and acetonitrile. 

[0058] The reaction temperature of the condensation is generally from -20 to 150 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0059] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

[0060] After the condensation is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (XII) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
[0061] Examples of the reducing agent to be used in the reduction of ester include metal reducing reagent such as 
sodium borohydride, lithium borohydride or lithium aluminum hydride, or diborane. 

[0062] Examples of the solvent to be used in the reduction of ester include water, methanol, ethanol, 1-propanol, 2- 
propanol, tert-butyl alcohol, tetrahydrofuran, dioxane, diethyl ether, ethylene glycol dimethyl ether or a mixture thereof. 
[0063] The reaction temperature of the reduction of ester is generally from -20 to 80 °C and a lower or higher tem- 
perature than the said temperature range may be selected on demand. 

[0064] The reaction period of the reduction of ester is generally from 30 minutes to 10 hours and a longer or shorter 
reaction period than the indicated period may be selected on demand. 

[0065] After the reduction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, the objective compound can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

Method F 



[0066] A compound of the general formula (XIII) [hereinafter referred to as Compound (XIII)] 
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COOR 5 

N 3 -CH (xni) 

COOR 5 



10 
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a a ,inn in the presence of a base, with Compound (X) to give a 



COOR 5 

h,-Uh*-Q^ (XIV) 

COOR 5 
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Method G 

[0080] A compound of the general formula (XV) [hereinafter to be referred to as Compound (XV)] 

CH2OR 7 

O^-CH (XV) 
CH2OR 7 

wherein R 7 is a protecting group of a hydroxyl group widely employed in the field of organic synthetic chemistry, such 
as acetyl, benzoyl, benzyl, trimethylsilyl, tert-butyldimethylsilyl, methoxymethyl, methoxyethoxymethyl or tetrahydro- 
pyranyl, and the two R 7 s may in combination form a ring such as dioxane; is subjected to condensation, in the presence 
of a base, with Compound (X) to give a compound of the general formula (XVI) [hereinafter referred to as Compound 
(XVI)] 

CH2OR 7 

0 2 H-C-{CH^-^J^-Y ( XVI ) 
CH20R 7 




wherein R 7 and Y are as defined above; and the nitro group is subjected to reduction with a suitable reducing agent and 
protecting group(s) is/are introduced or removed, if necessary, to give Compound A or N- and/or O-protected com- 
pound thereof. 

[0081] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
ethoxide, sodium hydride, potassium hydride, lithium diisopropylamide, butyllithium, lithium hexamethyldisilazane, tri- 
ethylamine, diisopropylethylamine and 1,8-diazabicyclo[5.4.0]undec-7-ene. 

[0082] Examples of the organic solvent to be used in the condensation include methanol, ethanol, tert-butyl alcohol, 
tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, benzene, toluene, 
xylene, dioxane, methylene chloride, chloroform, dichloroethane or acetonitrile. 

[0083] The reaction temperature of the condensation is generally from -20 to 150 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0084] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

[0085] After the condensation is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (XVI) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
[0086] Examples of the reducing agent to be used in the reduction of nitro include a metal reducing reagent such 
as sodium borohydride, lithium borohydride or lithium aluminum hydride, transition metal such as palladium-carbon, 
platinum oxide, Raney nickel, rhodium or rutenium for catalytic reduction, a metal such as iron, zinc or tin. 
[0087] Examples of the solvent to be used in the reduction of nitro include water, methanol, ethanol, tert-butyl alco- 
hol, tetrahydrofuran, diethyl ether, dioxane, acetone, ethyl acetate, acetic acid, benzene, toluene, xylene, dimethylfor- 
mamide, dimethyl sulfoxide or a mixture thereof. 

[0088] The reaction temperature of the reduction of nitro is generally from -20 to 80 °C and a lower or higher tem- 
perature than the said temperature range may be selected on demand. 

[0089] After the reduction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, the objective compound can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

Method H 

[0090] A compound of the general formula (XVII) [hereinafter referred to as Compound (XVII)] 



11 



EP 1 002 792 A1 

_ Y (xvn) 




M-(CH2)2-\ J 

with a compound of the general formula 



, a Y are as defined above; is subjected to nucleophilic addition 
wherein M and Y a e as defin ^ ^ 

(XVIII) [hereinafter to oe reieueu 

coor 5 
r*n=c (xvm> 

COOR 5 
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COOR 5 

R'NH-i-tCH^-O-V (VI-a) 
COOR 5 
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Method I 

o*— (XV) - - - 1 by " > "°"" n9 ™ 



[0100] 
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impound of the general formula (XIX) Thereinafter refi 



(0101] Compound (X) anda compound of the general formula (XIX) [hereinafter referred to as Compound {XIX)] 

COOR 5 
I 

O z N-CH 2 (XIX) 

wherein R 5 is as defined above; are subjected to condensation in the presence of a base to give a compound of the 
10 general formula (XX) [hereinafter referred to as Compound (XX)] 

COOR 5 



15 



0 2 N-C— (CH2) 2 -( X >~Y ( XX ) 




wherein R 5 and Y are as defined above; the obtained compound is subjected to condensation, in the presence of a 
20 base, with formalin and protection of hydroxyl group if necessary to give a compound of the genera] formula (XXI) [here- 
inafter referred to as Compound (XXI)] 

COOR 5 

0 2 N~C-(CH 2 ) 2 --^^--Y (XXI) 
CHgOR 7 



25 



30 

wherein R 5 , R 7 and Y are as defined above; the ester group is subjected to reduction with a suitable reducing agent and 
protection of the hydroxyl group(s) if necessary to give Compound (XVI). 

[0102] Examples of the solvent to be used in the condensation include water, methanol, ethanof, tert-butyl alcohol, 
tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, benzene, toluene, 
35 xylene, dioxane, methylene chloride, chloroform, dichloroethane or acetonitrile. 

[0103] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
ethoxide, sodium hydride, potassium hydride, triethylamine, diisopropylethylamine and 1,8-diazabicyclo[5.4.0]undec-7- 
ene. 

[0104] The reaction temperature of the condensation is generally from -20 to 150 °C and a lower or higher temper- 
40 ature than the said temperature range may be selected on demand. 

[0105] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

[0106] After the condensation is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (XX) can be purified by a method known in the field of organic synthetic chemistry, 
45 such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

[0107] Examples of the solvent to be used in the condensation with formalin include water, methanol, ethanol, tert- 
butyl alcohol, tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, ben- 
zene, toluene, xylene, dioxane, methylene chloride, chloroform or acetonitrile. 

[0108] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
so ethoxide, sodium hydride, potassium hydride, triethylamine, diisopropylethylamine and 1,8-diazabicyclo[5.4.0]undec-7- 
ene. 

[0109] The reaction temperature of the condensation is generally from -20 to 150 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0110J The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
55 tion period than the indicated period may be selected on demand. 

[0111] After the condensation is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (XXI) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 



13 



10 



15 



EP 1 002 792 A1 

Lair, period than .he mdioat.d period ma, u b "" 1 ^^^,„ OTO< , eondiUons o, after removing the proofing 
[0116) Affe, the ,edue«»n » came ^J^gZZi *no«n in the «eW of organic eyn.hehe chermed, 

^S£2£Z£Z2£. - • — — - - — — 

Method J 
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. rnmnound (V) are subjected to condensation in the presence of a base to give a 
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45 
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COOR 5 
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zane, triethylamine, diisopropylethylamine and 1,8-diazabicyclo[5.4.0]undec-7-ene. 

[0125] Examples of the solvent to be used in the amination reaction include water, methanol, ethanol, tert-butyl 
alcohol, tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, benzene, 
toluene, xylene, dioxane, methylene chloride, chloroform, dichloroethane or acetonitrile. 
5 [0126] The reaction temperature of the amination reaction is generally from -20 to 150 °C and a lower or higher 
temperature than the said temperature range may be selected on demand. 

[0127] The reaction period of the amination reaction is generally from 30 minutes to 2 days and a longer or shorter 
reaction period than the indicated period may be selected on demand. 

[0128] After the amination reaction is carried out under the above-mentioned conditions or after removing the pro- 
10 tecting group(s) on demand, Compound (Vl-a) can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 

Method K 

15 [0129] In Method E to Method J, Compound (IV) or Compound (VIII) is used instead of Compound (X) to give Com- 
pound (VII) or Compound (IX), respectively. 

Method L 

20 [0130] In Method C, Compound (X) is used instead of Compound (IV) to give Compound (Vl-a). 
[0131] The compound (l-a) of the present invention can be also produced by the following method. 

Method M 

25 [0132] A compound of the general formula (XXV) [hereinafter referred to as Compound (XXV)] 



30 



Lv— (CH2) 2 -^~~^ (XXV) 



wherein Lv is as defined above; is reacted with d ich I oro methyl methyl ether in the presence of a Lewis acid to give a 
compound of the general formula (XXVI) [hereinafter referred to as Compound (XXVI)] 

35 



Lv— (CH2) 2 — <( V- CHO (XXVI) 



40 



wherein Lv is as defined above; the obtained compound is reacted with Compound (III) to give a compound of the gen- 
eral formula (XXVII) [hereinafter referred to as Compound (XXVII)] 

45 



Lv— (CH2) 2 




(xxvn) 



50 

wherein Lv is as defined above; the obtained compound is subjected to oxidation with a suitable oxidizing agent to give 
a compound of the general formula (XXVIII) [hereinafter referred to as Compound (XXVIII)] 
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[0142] Examples of the oxidizing agent to be used in the oxidation of Compound (XXVII) include chromic acid-sul- 
furic acid, chromium(VI) oxide- sulfuric acid-acetone (Jones reagent), chromium(VI) oxide-pyridine complex (Collins 
reagent), dichromate (sodium dichromate, potassium dichromate, etc. )-su If uric acid, pyridinium chlorochromate (PCC), 
manganese dioxide, dimethyl sulfoxide-electrophilic activated reagent (dicyclohexylcarbodiimide, acetic anhydride, 
phosphorus pentaoxide, sulfur trioxide-pyridine complex, trifluoroacetic anhydride, oxalyl chloride, halogen), sodium 
hypochlorite, potassium hypochlorite, sodium bromite, N-bromosuccinimide, N-chlorosuccinimide, N-bromoacetamide, 
2,3-dichloro-5,6-dicyano-p-benzoquinone, tetrachloro-p-benzoquinone, tetrachloro-o-benzoquinone, nitric acid, dinitro- 
gen tetraoxide, anhydrous benzeneseleninic acid, ruthenium tetraoxide, rutenium dioxide-sodium periodate, bischloro- 
bis(triphenylphosphine)rutenium-iodosylbenzene or sodium bismuthate. 

[0143] Examples of the solvent to be used in the present reaction include water, acetic acid, diethyl ether, tetrahy- 
drofuran, dioxane, acetone, tert-butyl alcohol, methylene chloride, chloroform, hexane, benzene, toluene or a mixture 
thereof. 

[0144] The reaction temperature of the present reaction is generally from 0 to 100 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0145] The reaction period of the present reaction is generally from 30 minutes to 2 days and a longer or shorter 
reaction period than the indicated period may be selected on demand. 

[0146] After the reaction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (XXVIII) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
[0147] Examples of the base to be used in the condensation include sodium hydroxide, sodium methoxide, sodium 
ethoxide, sodium hydride, potassium hydride, lithium diisopropylamide, butyllithium, lithium hexzamethyldisilazane, tri- 
ethylamine, diisopropylethylamine and 1,8-diazabicyclo[5.4.0]undec-7-ene. 

[0148] Examples of the organic solvent to be used in the condensation include methanol, ethanol, tert-butyl alcohol, 
tetrahydrofuran, diethyl ether, ethylene glycol dimethyl ether, dimethylformamide, dimethyl sulfoxide, benzene, toluene, 
xylene, dioxane, methylene chloride, chloroform, dichloroethane or acetonitrile. 

[0149] The reaction temperature of the condensation is generally from -20 to 150 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0150] The reaction period of the condensation is generally from 30 minutes to 2 days and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

[0151] After the condensation is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, Compound (XXIX) can be purified by a method known in the field of organic synthetic chemistry, 
such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
[0152] Compound (XXVIII) wherein Lv is halogen, particularly chlorine or bromine, is also subjected to iodination 
using sodium iodide, followed by reacting with Compound (V). 

[01 53] The protection of the carbonyl group of Compound (XXIX) can be carried out by a method known in the field 
of organic synthetic chemistry. For example, Compound (XXIX) is treated with ethylene glycol in the presence of an acid 
catalyst such as paratoluenesulfonic acid, or with lower alcohol in the presence of an acid such as hydrochloric acid or 
sulfuric acid to give the corresponding carbonyl-protected compound. 

[0154] Examples of the reducing agent to be used in the reduction include a metal reducing reagent such as 
sodium borohydride, lithium borohydride or lithium aluminum hydride, or diborane. 

[0155] Examples of the solvent to be used in the reduction include water, methanol, ethanol, 1-propanol, 2-propa- 
nol, tert-butyl alcohol, tetrahydrofuran, dioxane, diethyl ether, ethylene glycol dimethyl ether or a mixture thereof. 
[0156] The reaction temperature of the reduction is generally from -20 to 80 °C and a lower or higher temperature 
than the said temperature range may be selected on demand. 

[0157] The reaction period of the reduction is generally from 30 minutes to 10 hours and a longer or shorter reaction 
period than the indicated period may be selected on demand. 

[0158] After the reduction is carried out under the above-mentioned conditions or after removing the protecting 
group(s) on demand, the objective compound can be purified by a method known in the field of organic synthetic chem- 
istry, such as solvent extraction, recrystallization, chromatography or a method using an ion exchange resin. 
[0159] Examples of the reagent to be used in the deprotection include an acid such as hydrochloric acid, sulfuric 
acid, acetic acid or trifluoroacetic acid, a base such as sodium hydroxide, potassium hydroxide or lithium hydroxide. 
[0160] Examples of the solvent to be used in the deprotection include water, methanol, ethanol, isopropyl alcohol, 
tert-butyl alcohol, acetone, tetrahydrofuran, ethylene glycol dimethyl ether, dimethylformamide or dimethyl sulfoxide. 
[0161] The reaction temperature of the deprotection is generally from -20 to 100 °C and a lower or higher temper- 
ature than the said temperature range may be selected on demand. 

[0162] The reaction period of the deprotection is generally from 30 minutes to 5 hours and a longer or shorter reac- 
tion period than the indicated period may be selected on demand. 

[0163] After the deprotection is carried out under the above-mentioned conditions or after removing the protecting 
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Method N 

,0,64, Compound <XXV» can b. a.so produce, b, ^ Compound ,VI„) _ ^ -9-. in ft. presence 
of magnesium, followed by hydrolysis. 

Method O 

[01 65, Compo U nd ( ,-a)ofthep re sen t lnve S ca^ 

as in Method E after condensing Compound (XXVII .^P^^^J;^ in Method G after condensing Corn- 
condensing Compound (XXVIII) with Compound (XH ^n he -me manners > (xxvm) witn 

compound (xxv,,,) w,th compound (XX,,) * 

ror 6 rUound(,) of the present invent^ 

thy. ether, tetrahydrofuran or dioxane if M«i STSrtS ad M-Elo acid, benzoic acid, citric acid, oxalic 
acid, sulfuric acid, nitric acid, phosphonc acd, ^^^^SmSIm. benzenesulfonic acid, p-toluenesul- 
acid. succinic acid, tartaric acid, malic acid ^^'^^^^ the crystals of a compound of the 
fonic acid or 10-camphorsutfonic acid to g,ve arr ^^^JJ^^^ slant or other solvent to give 
present invention obtained are anhydrides, the <^sa« 312 hydrate, or solvates, 

a hydrates such as monohydrate, 1/2 hydrate 1/5 ^^^J^^ acid addition saft thereof or a hydrate 
[0167] Compound (I) of the present invention, a by fransplanting organ (liver, heart, kidney 

thereof can be used for the prevention and suppression of «f *™ hum an dog. cat. cattle, horse, 

etc.) or bone marrow among the same kind or various allergic diseases, 

pig, monkey, rat etc.. and for the prevention and ^^^^T^J^ sucn as immunosuppressive activity 
Namely, the compounds of the present inven ton have ^^C!^!S^» to transplantation ortrans- 
or antimicrobial activity, and therefore are ^TZe marrow, cornea, pancreas, intestinum 

plantation rejection of organs or tissues (such V^^J^Suut cell etc.. including xenotransplantation), 
tenue, limb, muscle, nervus. fatty marrow. duMtao ^™^ seases such as rheumatoid arthritis, sys- 
graft-versus-host diseases by bone marrow ^^^^^J^ mu ,ti pte sclerosis, myasthenia gravis. 
Lie lupus erythematosus, nephrotic steroid-dependent and ster- 

sa — • hair 9ermination - and,or 

U, sarcoidosis, fibroid lung, idiopathic inte ^ ^ intrinsic asthma, extrinsic 

s^ness). present invention may also be useful for treating hepatopathy associated with 

JET ^e compounds of the present invention are also ind£*»din 
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tis), necrotizing enterocolitis), or intestinal lesions associated with thermal burns. 
[0174] Further, the compounds of the present invention are also useful for treating or preventing renal diseases 
including interstitial nephritis, Goodpasture's syndrome, hemolytic uremic syndrome and diabetic nephropathy; nervous 
diseases selected from multiple myositis, Guillain-Barre syndrome, Meniere's disease and radiculopathy, endocrine dis- 
eases including hyperthyroidism and Basedow's disease; hematic diseases including pure red cell aplasia, aplastic 
anemia, hypoplastic anemia, idiopathic thrombocytopenic purpura, autoimmune hemolytic anemia, agranulocytosis 
and anerythroplasia; bone diseases including osteoporosis; respiratory diseases including sarcoidosis, fibroid lung and 
idiopathic interstitial pneumonia; skin diseases including dermatomyositis, vitiligo vulgaris, ichthyosis vulgaris, photoal- 
lergy sensitivity and cutaneous T cell lymphoma; circulatory diseases including arteriosclerosis, aortitis, polyarteritis 
nodosa and myocardosis; collagen disease including scleroderma, Wegener's granuloma and Sjogren' syndrome; adi- 
posis; eosinophilic fasciitis; periodontal disease; nephrotic syndrome; hemolytic uremic syndrome; and muscular dys- 
trophy. 

[0175] Further, the compounds of the present invention are indicated in the treatment of diseases including intesti- 
nal inflammations or allergies such as Coeliac disease, proctitis, eusinophilic gastroenteritis, mastocytosis, Crohn's dis- 
ease or ulcerative colitis; and food related allergic diseases which have symptomatic manifestation remote from the 
gastrointestinal tract, for example migraine, rhinitis and eczema. 

[0176] The compounds of the present invention also have liver regenerating activity and/or activity in promoting 
hypertrophy and hyperplasia of hepatocytes. Therefore, they are useful for the treatment and prevention of hepatic dis- 
eases such as immunogenic diseases (e.g. chronic autoimmune liver diseases including autoimmune hepatitis, primary 
biliary cirrhosis and sclerosing cholangitis), partial liver resection, acute liver necrosis (e.g. necrosis caused by toxins, 
viral hepatitis, shock or anoxia), viral hepatitis type B 7 .non-A/non-B hepatitis and cirrhosis. 

[0177] The compounds of the present invention are also indicated for use as antimicrobial agents, and thus may be 
used in the treatment of diseases caused by pathogenic microorganisms and the like. 

[0178] Further, the compounds of the present invention can be used in the prevention or treatment of malignant 
rheumatoid arthritis, amyloidosis, fulminant hepatitis, Shy-Drager syndrome, pustular psoriasis, Behcet's disease, sys- 
temic lupus erythematosus, endocrine opthalmopathy, progressive systemic sclerosis, mixed connective tissue dis- 
ease, aortitis syndrome, Wegener's gramulomatosis, active chronic hepatitis, Evans syndrome, pollinosis, idiopathic 
hypoparathyroidism, Addison disease (autoimmune adrenalitis), autoimmune orchitis, autoimmune oophoritis, cold 
hemagglutinin, paroxysmal cold hemoglobinuria, pernicious anemia, adult T cell leukemia, autoimmune atrophic gas- 
tritis, lupoid hepatitis, tubulointerstitial nephritis, membranous nephritis, amyotrophic lateral sclerosis, rheumatic fever, 
postmyocardial infarction syndrome and sympathetic ophthalmitis. 

[0179] The compounds of the present invention have antifungal effect and are useful as an antifungal agent. 
[0180] Moreover, the compounds of the present invention, pharmaceutical^ acceptable acid addition salts thereof 
or hydrates thereof can be used in combination with other immunosuppressants), steroid(s) (prednisolone, methyl- 
prednisolone, dexamethasone, hydrocortisone and the like) or nonsteroidal acid anti-inflammatory agent. As the other 
immunosuppressant, preferred is particularly selected from azathioprine, brequinar sodium, deoxyspergualin, mizorib- 
ine, 2-morpholinoethyl mycophenolate, cyclosporin, rapamycin, tacrolimus monohydrate, leflunomide and OKT-3. 
[0181] When Compound (I) of the present invention thus obtained, a pharmaceutical^ acceptable acid addition salt 
thereof or a hydrate thereof is used as a medicament, Compound (I) is admixed with a pharmaceutically acceptable car- 
rier (e.g., excipients, binders, disintegrators, correctives, corrigents, emulsifiers, diluents, solubifeers and the like) to 
give a pharmaceutical composition or a pharmaceutical agent (tablets, pills, capsules, granules, powders, syrups, emul- 
sions, elixirs, suspensions, solutions, injections, transfusions or external preparations), which can be administered 
orally or parenterally. The pharmaceutical composition can be formulated into a pharmaceutical preparation by a con- 
ventional method. In the present specification, "parenterally" includes subcutanous injection, intravenous injection, 
intramuscular injection, intraperitoneal injection, transfusion and topical administration (administration through the skin, 
eye, lung, bronchus, nose, rectum). The preparation for injection, such as a sterile aqueous or oily suspension for injec- 
tion, can be prepared using a suitable dispersing agent or a wetting agent and a suspending agent, according to a 
method known in the pertinent field. The sterile preparation for injection may be a sterile injectable solution or suspen- 
sion in a non-toxic diluent or solvent permitting parenteral administration, such as an aqueous solution. Examples of the 
vehicle and solvent which can be used include water, Ringer solution, isotonic saline and the like. In addition, sterile 
nonvolatile oil can be generally used as a solvent or a solvent for suspension. For this end, any nonvolatile oil or fatty 
acid can be used, inclusive of natural, synthetic or semi-synthetic fatty oil or fatty acid, and natural, synthetic or semi- 
synthetic mono, di or triglycerides. The solid dosage form for oral administration includes the above-mentioned ones 
such as powders, granules, tablets, pills, capsules and the like. In these dosage forms, the active ingredient is admixed 
with at least one additive such as sucrose, lactose, cellulose sugar, mannitol, maltitol, dextran, starches, agar, argin- 
ates, kichins, chitosans. pectins, tragacanth gums, gum arable, gelatins, collagens, casein, albumin, synthetic or semi- 
synthetic polymers and glycerides. In these dosage forms, routine additives can be added, which may be inert diluents, 
lubricants such as magnesium stearate, preservatives such as parabens and sorbic acid, antioxidants such as ascorbic 
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SET to Compound (.) of the present invention, a pharmaceutical acceptable acid 

LddiSn saU thereof ofa hydrate thereof includes^ ointment, a paste, a liniment, a lotion, a plaster. a cataplasm^ 
eye lp an Lye ointment a suppository, a fomentation, an inhalant, a spray, an aerosol, a paint, a nasal drop, a cream. 

S 3 extemal'agent of the present invention contains the compound of the present invention in the form of a 
S with an Sanic or inorganic carrier or excipient. and. for examp.e. can be used in the form of a solid, semi-sohd 

ST ^hTcCoTo^ invention can be mbced with, for example, a non-toxic and pharm 
Legible carrierXch is usually employed for obtaining an external preparation for top.cal administration. A earner 
which Sn bTuTedTnc^des water gluc^^ lactose, gum arabic, gelatin, mannitol. starch paste magnesium tns.hca e. 
S^^TtS colloid s ifca. potato starch, urea and other carriers which are suitable for preparing a solid 
LemiJl or Toltion common. Further, an adjuvant, a stabilize, a thickener, a coloring matter or a flavoring agent 

roiWI a<Jd Tne compound of the present invention as an active ingredient of the pharmaceutical ^ s »j on * 
nvention can be administered by way of a topical administration, an aerosol or a rectal administration in a form o a dos- 

a!U*c alooho, such as staary. alcohol o, oa,yl aloohol ih propyl.a. glyool). ahd .haaa o,nhhaa, 

est sr? utr,a~:™;a°rporo^ 

as a '(a g ^hoof.ata. aiolaata or hlolaa.al. a high., alkaaolo aold alkyl aatar (a.g isop-opyl i « J-M££ 
ITdone or s^um Sirboxymethylce.lu.ose); an antioxidant (e.g.. a phenol or a quinone); a preserved (e.g.. paraoxy- 
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benzoic acid ester); a humectant (e.g., glycerin, D-sorbitol or propylene glycol); a favoring agent, a coloring matter; an 
antiseptic; a higher alkenoic acid (e.g., oleic acid), and moreover other drugs which are useful for the treatment of a skin 
diseases. When the compound of the present invention is used as ointment, the ointment can be prepared by mixing a 
solution containing the compound of the present invention with an ointment base in accordance with a conventional 
method. In the process of formulation, not less than one of the adjuvant or additive mentioned above can be simultane- 
ously added to the ointment base. Furthermore, the ointment can be manufactured by dissolving the compound of the 
present invention in the solubilizing and absorptive accelerating agent, admixing the obtained solution with the ointment 
base, stirring the obtained mixture under heating, and then cooling the resultant mixture. 

[0190] The ointment containing the compound of the present invention can be used by applying to the affected part 
of the skin once to several times (e. g., once to four times) a day. 

[0191] The paste or liniment containing the compound of the present invention can be prepared by using the same 
base and according to the same method as those of the ointment as mentioned above. 

[0192] The lotion containing the compound of the present invention means a preparation wherein the active ingre- 
dient compound is homogeneously dispersed or, in some cases, partially dissolved in a liquid medium, and an emulsi- 
fier can be added thereto as necessary. In a case where the compound of the present invention is used as a lotion, the 
content may be adjusted to 0.01 to 10 w/w% of the lotion. 

[0193] The liquid medium to be used in the lotion containing the compound of the present invention includes water, 
a lower alcohol, a glycol, glycerin or a mixture thereof. Among them, all of the lower alcohols that do not decompose the 
active ingredient compound and are not irritant to skin can be used, and are inclusive methanol, ethanol, isopropyl alco- 
hol, propanol or butanol. The glycol includes ethylene glycol, propylene glycol, butylene glycol or mono lower ethers 
thereof. Among these liquid media, water, the lower alcohol or a mixture thereof is most preferable because these 
media improve the absorption of the active ingredient compound to the skin. The amount of these liquid media prefer- 
ably ranges from 5 parts by weight to 1 000 parts by weight per one part by weight of the compound of the present inven- 
tion. 

[0194] To the lotion containing the compound of the present invention may be added a solubilizing and absorptive 
accelerating agent in which the active ingredient compound is soluble at a concentration of at least not less than 0.01 
w/w% and which can accelerate the absorption of the active ingredient compound from the skin when formulated into 
a lotion, and includes an alkanedicarboxylic acid ester (e. g., dimethyl adipate, diethyl adipate, diisopropyl adipate, die- 
thyl pimelate, diethyl sebacate or dipropyl sebacate) or a higher alkanoic acid alkyl ester (e. g., isopropyl myristate or 
ethyl myristate). These solubilizing and absorptive accelerating agents can be used alone or in a mixture of not less 
than two agents, and the amount generally ranges from 5 parts by weight to 5000 parts by weight per one part by weight 
of the compound of the present invention. The content of the solubilizing and absorptive accelerating agent desirably 
ranges from 1 to 30 w/w%. 

[0195] The emulsifier for the lotion containing the compound of the present invention is employed for the purpose 
of dispersing an insoluble medicine minutely and homogeneously in an aqueous solution, and should be non-toxic to 
human beings, and includes pharmaceutical^ acceptable natural emulsifiers and synthetic emulsifiers. Various emulsi- 
fiers which are derived from animals and vegetables can be used as the natural emulsifier, and include egg yolk lecithin, 
soybean lecithin or a hydrogenated product thereof, phosphatidyl choline, sphingomyelin, gum arabic or gelatin. Cati- 
onic, anionic or non-ionic surfactants can be used as the synthetic emulsifier, and preferably include a castor oil sur- 
factant, especially an HCO (polyoxyethylene hydrogenated castor oil) such as HCO-60, HCO-50, HCO-40. Further, a 
polyoxyethylenesorbitan aliphatic acid ester such as polysorbate 80, a glycerin aliphatic acid ester such as glycerin 
monocaprylate, a polyethylene aliphatic acid ester such as polyoxyethylene 40 monostearate, a middle chain aliphatic 
acid mono (or di)glyceride (e.g., C6-C12 aliphatic acid mono (or di)glycerides such as caprylic acid diglyceride,<;aprylic 
acid monoglyceride or caproic acid diglyceride) or a polyoxyethylated glyceride such as polyoxyethylated oleic acid 
glyceride. 

[0196] The above-mentioned emulsifiers can be used as the primary emulsifier, and, if necessary, in combination 
with an auxiliary emulsifier. The auxiliary emulsifier is conventional and non-toxic to human beings, and includes cho- 
lesterol, agar, magnesium hydroxide, methylcellulose or pectin. These primary emulsifier and auxiliary emulsifier may 
be respectively used alone or in combination of two or more of them. 

[0197] The emulsifier is contained in the lotion containing the compound of the present invention in an amount suf- 
ficient to emulsify the compound of the present invention and other additives to be contained, and preferably ranges 
from 0.1 part by weight to 10 parts by weight per one part by weight of the compound of the present invention. 
[0198] In order to increase the viscosity, a viscosity-increasing agent may be added to the lotion which contains the 
compound of the present invention. The viscosity-increasing agent is any conventional agent which is usually added to 
give the viscosity to the liquid and is non-toxic to human beings, and includes carboxy poly methylene. The viscosity- 
increasing agent is used when the lotion with a high viscosity is desired. When the viscosity-increasing agent is used, 
the content of the viscosity-increasing agent may vary depending on the desired viscosity of the lotion to be used and 
preferably ranges from 0.01 to 5 w/w%. 
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a »h B nr Pse nt invention may further contain a solubilizer which is 
[0199] The lotion which contains the compound of the .present If necessary, it may further contain 
Ld for the stabiiization of the active ingredient ^^^J^jSZ^- « a ^ e " tiC ° r 8 ^ ^ 
other addrtives which are used for the lot.on, ^ ^forS tlt of the skin diseases, 
noic acid such as oleic acid, or other drugs wh.ch are useful for the tre conventional method 

[0200] The lotion which contains the compound JJ.^SSSS^b^ by'applying to the affected 
n this field. The lotion which contains the lotion has a low viscosity, it can be 

part of the skin once to several tames (e.g.. once to ^ tames^ , aaa to ^ ^ 

aim of use. . . thp romDOund of the present invention may further contain van- 

gen phosphate or potassium d.hydrogen phosphat ^JT^ " £ ^ acid . sodiur n tartrate), an acetate buffer 

g,ycer!n or propylene glycol, a salt such as so* ^ po.yoxyethylene sorbitan monooleate (polys- 

F0205] The solubilizing agent ^S^St^M^ hydrogenated castor oil and the l.ke. 

orbate 80), po.yoxyethylene mono stearate. ^J^jT^SSSto^i such as benzalkonium chloride, benzethomum 

Tng agent includes sodium edetate or citnc acld and ^ J he ^ ; * ide sodium carbonat e or sodium b.car- 

of P H - « .u n m „ a nd the nasal drop which contain the compound of the present .nvent.on 

[0208] The manufacture of the eye drop and the nasal arop w preparation. 

iatnred one. to savaral timea <•*. ono. to <»"»"«»>• ™* |nv .„„ on ^ ans a pharmaceubcal preparation »*ich 
[0210] Tha a.rosol containing tha compound «<*>*™"" '™™ ™ ton of ^dive ingr.di.nt compound ua.ng 
L bi appli.d a. tha lima of treatment ^"-Tactcr anoth.t v.aa... Tha aaroscl can ba pra- 

as rs^-^»»-^^--* - - a " n9 ctos * WHh a ^ a 

" SfiT CSS. b. uaad incUrdan dhpathyi ..bar. ,i q t,.«ad nature, ga,. carbon dtodda. nibogap gaa. a aub- 

as? nr"are:™Sn.r^ 

Pmanthol. a camphor, mathyt sar.cyl.ta and tha Uka imo „, i0 „ be prepared according to 

" o. tba preaan. invantion . usad as a auppoai.ont. m. suppoa«o^ can b. prepared ,n 
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a conventional manner using a conventional base for suppository, and the active ingredient compound is contained in 
the suppository in an amount sufficient to exhibit the pharmaceutical effect, which can vary depending on the age or 
symptom of the patient, and preferably ranges from 0.1 to 60 mg. 

[0215] The base for suppository of the present invention is the conventional base, and includes an oil and fat from 
animal and vegetable such as olive oil, corn oil, castor oil, cotton seed oil, wheat germ oil, cacao oil, beef tallow, lard, 
wool fat, turtle tallow, squalane or a hydrogenated oil, an oil and fat from mineral such as petrolatum, white petrolatum, 
hard paraffin, liquid paraffin, anhydrous lanolin or silicone oil, a wax such as jojoba oil, carnauba wax, yellow beeswax 
or lanolin, a partially synthetic or totally synthetic glycerin aliphatic acid ester such as mono, di and triglycerides of a 
middle or higher aliphatic acid such as a straight-chain saturated aliphatic acid (e.g., lauric acid, myristic acid, palmitic, 
acid or stearic acid), or a straight-chain unsaturated aliphatic acid (e.g., oleic acid, linoleic acid or linolenic acid). The 
commercially available products are exemplified by Witepsol [manufactured by Dynamitnobel Co.; a mixture of mono-, 
di-and triglycerides of C12-C 18 saturated aliphatic acid, in more detail, Witepsol H series (e.g., Witepsol H5, H12, H19. 
H32, H35, H37, H39, H42, H175 or H185), Witepsol W series (e.g., Witepsol W25, W31, W35 or W45), Witepsol E 
series (e.g., Witepsol E75, E76, E79 or E85) or Witepsol S series (e.g., Witepsol S52, S55 or S58) are included); Phar- 
masol (manufactured by Nippon Oils and Fats Co.); Isocacao (manufactured by Kao Co.); SB (manufactured by 
Kanegafuchi Chemical Co. and Taiyo Yusi Co.; a mixture of mono-, di- and tri-glycerides of C12-C 18 saturated aliphatic 
acid, in more detail, SB-H, SB-E or SB-AM are included); Nopata (manufactured by Henkel AG.); Sapoyer (manufac- 
tured by Gattfords Co.; a mixture of mono-, di- and tri-glycerides of C10-C18 saturated aliphatic acid, in more detail, 
Sapoyer NA, Sapoyer OS, Sapoyer AS, Sapoyer BS, Sapoyer BM or Sapoyer DM are included); Masaesthalinum (man- 
ufactured by Dynamitnobel Co.; a mixture of mono-, di- and tri-glycerides of C10-C18 saturated aliphatic acid, in more 
detail, Masaesthalinum A, AB, B, BB, BC, BCF, C, D, E or BD and Masaesthalinum 299 are included); or Migriol 810 or" 
Migriol 812 (manufactured by Dynamitnobel Co.; a mixture of triglycerides of C8-C12 saturated aliphatic acid, in more 
detail, one or more of them may optionally be incorporated when the partially synthetic or totally synthetic glycerin 
aliphatic acid ester as mentioned above are incorporated). Further, other synthetic products such a polyethylene glycol 
or polyoxyethylene alcohol can be exemplified. The bases are used in an amount of 25 to 99.9% by weight based on 
the total weight of the suppository. 

[0216] To the suppository containing the compound of the present invention may be added, if necessary, a preserv- 
ative, a stabilizer, a surfactant, an aromatic, a pH adjustor or a purified water. 

[0217] The suppository containing the compound of the present invention may be in various forms such as a rectal 
suppository which is solid at the normal temperature and melts at a body temperature; an ointment or liquid enema 
which can be prepared by dissolving or dispersing the compound of the present invention in a liquid base; a soft capsule 
for the rectal administration; or an injection for the rectal administration. 

[0218] The manufacture of the suppository which contains the compound of the present invention is carried out 
using a method known in this field. 

[0219] While the dose for a certain patient is determined according to age, body weight, general health conditions, 
sex, diet, administration time, administration route, clearance rate, combination of drags, degree of the state of the dis- 
ease for which the patient is then undergoing treatments, and other factors. The compound of the present invention, a 
pharmaceutical^ acceptable acid addition salt thereof and a salt thereof show low toxicity and can be used safely. While 
the daily dose varies depending on the condition and body weight of the patient, the kind of compound and administra- 
tion route and the like, it is, for example, about 0.01-50 mg/person/day, preferably 0.01-20 mg/person/day, for parenteral 
administration by a subcutaneous, intravenous or intramuscular route, or through the skin, eye, lung, bronchus, nose or 
rectum, and about 0.01-150 mg/person/day, preferably 0.1-100 mg/person/day, for oral administration. 
[0220] Compound A useful as a synthetic intermediate for Compound (I) of the present invention is also useful as 
a synthetic intermediate for a compound of the general formula (ll-a) [hereinafter referred to as Compound (ll-a)], in 
which Compound (I) of the present invention is encompassed, 

CH^pR 3 * OH 
R 1a R^N-C~(CH2) 2 ---^\- CH-(CH2) m -^ ^ (H-a) 



CHjQR 48 




wherein m is 0 to 9, preferably 4, and R 1a , R 2a , R 33 and R 4a are the same or different and each is a hydrogen, an acyl 
(a straight- or branched chain alkanoyi having 1 to 20 carbon atoms such as formyl, acetyl, propionyl, butyryl, isobutyryl, 
pentanoyl, hexanoyl, heptanoyl, octanoyl, nonanoyl, decanoyl, undecanoyl, dodecanoyt, tridecanoyl, tetradecanoyl, 
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl, nonadecanoyl, icosanoyl and the like; a straight- or 
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bra „ched chain a lk anov, having 2 to 20 ca.cn atoms ^ — ^ 

nylpropionyl and the like; an aroyl such as benzoyl an ^. e o ^ b ' nv| 9 etnoxycarbo nyl, propoxycarbonyl, isopropoxy- 
the'alkoxy moiety has 1 to 20 carbon atoms such -^hoxyc. ftX££!bo*l. Lpentyloxycarbony.. tert-penty- 
carbonyl, butoxycarbonyl. isobutoxycarbonyl, te ^"^*°XJcarbonyl, nonyloxycarbonyl, decyloxycarbonyl. 
loxycarbonyl. hexyloxycarbonyl. hep y oxycamonyl J ycarbon y,. pe ntadecyloxycarbonyl, hexade- 

und'ecyloxycarbonyl. and «f J* 

cyloxycarbonyl. heptadecyloxycarbonyl, °« ad *^^e) oi an alkyl (a straight- or branched chain alkyl hav.ng 1 to 
aralkyloxycarbonyl such as benzyloxycarbonyl and 9 octy| nony , 

20 carbon atoms, such as methyl, ethyl, propyl. r^^^SS^. octadecyl. nonadecyl. icosy. and the 
decy.. undecyl. dodecyi. tridecy. tetradecyl gJ^Jj^J^ substituted by an alky, having 1 to 4 carbon 
like) or R 33 and R 4a may be combined by an alkylene chain ' w™ cn » h b , and tne , ike , a nd Y 1 

general formula (l-c) [hereinafter referred to as Compound (l-c)] 

CHPR 38 O / ==^Y 1 

CHiOR 48 

aXn JSrton chain batwaan .ha said P^^*?^ 1 *£S CtnJby Compound {l-c). shows lass 
tion of (ha p-phanylan. group IS subs Mutad by a oarbontf ^ ^ £ compound of the p-aaant invanlto 
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[02211 oompounu v»-«; ™ r— -• • , , VYY ,, 

formula (XXX) [hereinafter referred to as Compound (XXX)] 




(XXX) 



wherei„M.m.ViandV 2 areasde fi ned t ^ 

protected Compound A according to Method A and I Method a Furtn y ^ hydroxy . a|kylated ^m- 

*5KX SSSS^S^"^ J 2 same manner using Compound (XXX) instead of 



24 



EP 1 002 792 A1 



CHjOR 3 OH 



R 1 R^-C-(CH2) 2 -^ ( n-b ) 

CH2OR 4 " ^ 

to wherein R 1 . R 2 , R 3 and R 4 are as defined above, is preferable and 2-amino-2-(2-(4-(1-hydroxy-5-phenylpentyi)phe- 
nyl)ethyl)propane-1,3-diol Is particularly preferable. In Compound (l-c), Compound (I) 



15 



20 



25 



CH 2 OR 3 o _ 

R^-C^CH^^ ( I ) 

CH2OR 4 ^ 

wherein R 1 , R 2 , R 3 and R 4 .are as defined above, is preferable and 2-amino-2-(2-(4-(1-oxo-5-phenylpentyl)phe- 
nyl)ethyl)propane-1,3-diol is particularly preferable. 

[0224] Moreover, instead of Compound (XXX), a compound of the general formula (XXXI) {hereinafter referred to 
as Compound (XXXI)] 

M-(CH 2 ) n CH 3 (XXXI) 



wherein n is a integer of 0 to 12, preferably 6, and M is as defined above, is reacted and treated with amino- and/or 
hydroxy-protected Compound A according to Method A and Method B [containing the method reacting and treating in 
30 the same manner using an alkyl halide instead of an acyl halide in Method B], or reacted and treated using Compound 
(XXXI) instead of Compound (HI) in Method M to produce a compound of the general formula (XXXII) or (XXXIII) [here- 
inafter referred to as Compound (XXXII) and Compound (XXXIII)] 



35 



CHaQR 33 



OH 
1 



45 



R^R^N-C— (CHzk— ^ jf- CH-(CH2) n CH 3 ( XXXE ) 
CHaOR 48 

40 or 

CHzOR 311 O 

I ^ II 

R^R^N-C— (CHzk C— <CH2)„CH 3 ( XXXIH ) 

CH^R 4 " ~ 

so wherein R 1a , R 2a , R 3a , R 4 * and n are as defined above. Compound (XXXII) and Compound (XXXIII) obtained are 
respectively show less toxicity and higher safety, and is useful as a superior immunosuppressant, like Compound (I) of 
the present invention. 

Brief Description of Drawings 

55 

[0225] 

Fig. 1 is a graph which shows the results of Experimental Example 12, wherein shows the result of com- 
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pamthm compound ,. — shows .he ras„» o. comparadv. compound 2 and dhows .ho msul, o, Com- 

~^™r-so,« 

m s hows the resu t of comparative compound 1 (10 mg/Kgj, — * snow* u. IT 
^ 0 rng^g) and shows the result of Compound (La) of the present invention (10 mg/kg). 

Best Mode for Embodying the Invention 

imethylsilyl. 

Working example 1: Synthesis of 2-amino-2-(2-(4-(1-oxo-5-phenylpentyl)phenyl)ethyl)propane-1,3-diol 
15 (1 ) Synthesis of diethyl 2-aoetamido-2-(2-phenylethyl)malonate 
[0227] 

AcNH-CH AcNH-C-(CH s ) 2 — 

cooa cooa 
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,u» was s.irrad fo, 7 hours a. mom .ompamum. Tha '^"^^ZmX anhydmus magn.sium sulfa.. 

.0 9 ^ - * dom^d „0 2 

g) as white crystals, melting point 115-117 °C. 

IR(KBr): 3236, 1745, 1635 cm' 1 
MS(EI): 321 (M + ) 



40 



45 



elemental analysis : C 17 H 2 3N°5 


calculated 
found 


C; 63.54, 
C; 63.44, 


H;7.21, 
H; 7.29, 


N; 4.36 
N;4.44 



(2) Synthesis of 2-acetamido-1.3-diacetoxy-2-(2-phenylethyl)propane 
so [0229] 



cooa 

AcNH-C— {CH2> 2 



55 




AcNH-i 



CHaOAc 



CHaOAc 
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[0230] To a solution of lithium aluminum hydride (11.8 g) in anhydrous tetrahydrofuran (1500 ml) was dropwise 
added a solution of diethyl 2-acetamido-2-(2-phenylethyl)malonate<50 g) in anhydrous tetrahydrofuran (300 ml) under 
ice-cooling, and the mixture was stirred at room temperature for 2 hours. A saturated aqueous sodium sulfate solution 
(150 ml) was dropwise added thereto to decompose lithium aluminum hydride. The precipitate was filtered off with celite 
and the solvent was distilled away under reduced pressure to give a pale brown oily substance. This was dissolved in 
pyridine (90 ml), acetic anhydride (70 ml) was added thereto and the mixture was allowed to stand overnight at room 
temperature. The reaction mixture was poured into water and extracted with ethyl acetate. The ethyl acetate layer was 
washed with a saturated aqueous ammonium chloride solution, dried over anhydrous magnesium sulfate and the sol- 
vent was distilled away under reduced pressure. The obtained residue was crystallized from toluene to give the title 
compound (29.3 g) as white crystals, melting point 116-117 °C. 

1 H-NMR(CDCI 3 ) 6 : 1 .96 (3H, s), 2.09 (6H, s), 2.20 (2H, m), 2.64 (2H, m), 4.35 (4H, s), 5.69 (1H, s), 7.10-7.20 (3H, 
m), 7.20-7.30 (2H, m) 
IR(KBr): 3315, 1732, 1652 cm" 1 
MS(EI): 321 (M + ) 



elemental analysis : C 17 H23N0 5 


calculated 
found 


C; 63.54, 
C; 63.37, 


H;7.21, 
H; 7.30, 


N;4.36 
N;4.35 



(3) Synthesis of 2-acetamido-1 ,3-diacetoxy-2-(2-(4-formylphenyl)ethyl)propane 
[0231] 



CHjOAc 
AcNH-C— <CH^ 2 



CH 2 OAc 




CH 2 OAc 
AcNH-C— (CH2> 2 
CHjOAc 




CHO 



[0232] To a solution of 2-acetamido-1,3-diacetoxy-2-(2-phenylethyl)propane (10 g) in anhydrous dichloro methane 
(150 ml) were added titanium tetrachloride (15.4 ml) and dichloromethyl methyl ether<5.63 ml) under a nitrogen atmos- 
phere at -15 °C. The mixture was stirred at room temperature for 2 hours, poured into ice water and extracted with chlo- 
roform. The chloroform layer was washed with water, a saturated aqueous sodium hydrogencarbonate solution and 
saturated brine, dried over anhydrous magnesium sulfate and the solvent was distilled away under reduced pressure. 
The obtained residue was purified by silica gel column chromatography (eluent; diisopropyl ether: ethyl acetate = 1:1) 
to give the title compound (5.1 g) as a white solid, melting point 98-100 °C. 

1 H-NMR(CDCI 3 ) 5 : 1.99 (3H, s), 2.10 (6H, s), 2.25 (2H, m), 2.70 (2H, m), 4.34 (4H, s), 5.82 <1H, s), 7.35 (2H, d, 
J=7.9Hz), 7.80 (2H, d, J=7.9Hz), 9.97 (1H, s) 
IR(KBr): 3313, 3205, 3082, 1735, 1706, 1652 cm" 1 
MS(EI): 349 (M + ) 



elemental analysis : C 18 H 2 3N0 6 • 1/5 H 2 0 


calculated 
found 


C;61.25, 
C; 61.40, 


H; 6.68, 
H; 6.70, 


N; 3.97 
N; 3.96 
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(4) Synthesis of 2-acetamido-2-(2-(4-formylphenyl)ethyl)propane-1 .3-diol 

[0233] 



CHaOAc t v 

AcNH-i— <CH2) 2 - 
CHzOAc 



CHjOH 




CHO 



AcNH-C— <CH2>2 



CHjOK 




CHO 



102341 To a solution of 2-acetamido-1 ,3-diacetoxy-2-(2-(4-formylphenyl)ethyl)propane (3.4 g) in ethanol I (100 ml) 
Lftdded?odium e^xide (1 46 g) and the mixture was stirred at room temperature for 1 .5 hours. The reaction moc- 
Z was tncentratec loured nto^ce water and extracted with ethyl acetate. The ethyl acetate layer was washed w,th 
ISS^STSS ove anhydrous magnesium suKate and the solvent was distilled away under reduced pressure 
The ottaineresidue was purified by silica gel column chromatography (e.uent; chloroform: methanol = 9:1) to g-ve the 
title compound (1 .7 g) as a pale yellow oily substance. 

1 H -NMR(CDCI 3 ) 5 : 2.00 (2H. m). 2.01 (3H, s). 2.70 (2H, m). 3.70-3.90 (4H, m), 4.45 (2H, brs). 6.36 (1H, s). 7.35 

(2H, d, J=7.9Hz), 7.77 (2H. d, J=7.9Hz), 9.94 (1H, s) 

MS(EI): 265 (M + ) 

(5) Synthesis of 2-acetamido-1 .3-bis(tert-butyldimethylsilyloxy)-2-(2-(4-formylphenyl)ethyl)propane 



25 



[0235] 



30 



CHzOH 

AcNH— C — (0)2)2 
CH2OH 




CHO 



CH2OTBDMS 
AcNH-C-^CH^z 

CHjOTBDMS 




CHO 



35 F02361 To a solution of 2-ac e tamido-2-(2-(4-formylphenyl)ethyl)propane-1 .3-diol (9.7 g) in dimethylformamide (1 50 

40 S unde^relced pressure. The obtained residue was purified by silica gel co.umn chromatography (e.uent, hexane. 
ethyl acetate = 4:1) to give the title compound (13.5 g) as a pale yellow o.ly substance. 

iH NMR(CDCk) 8 • 0 07 (12H, s). 0.90 (18H. s), 1.95 (3H. s). 2.14 (2H, m), 2.68 (2H, m), 3.66 (2H. d. J=9.9Hz). 
3* M2H, d S.9HZ) 5 60 <1H. s), 7.36 (2H. d. J=7.9Hz), 7.78 (2H, d, J=7.9Hz), 9.96 (1H. s) 
45 IR(neat): 3365, 3087, 2954, 1702 cm" 1 
MS(EI): 493 (M + ) 



50 


elemental analysis: C26H47NO4 s, 2 ' 


1/5 H 2 0 




calculated 


C; 62.78, 


H; 9.60, 


N; 2.82 




found 


C; 62.59, 


H;9.64, 


N; 2.66 



55 
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<6) Synthesis of 2-acetamido-1 ,3-bis(tert-butyldimethylsilylo^ 
pane 



[0237] 

5 



AcNH-C-^CHzh ^ >— CHO 

w CH2OTBDMS 



CH2OTBOMS 




CHjOTBDMS QH 



AcNH-CHCHJj— \ ^CH^CHj)* 
CHjOTBDMS 




20 

[0238] To a solution of magnesium (0.27 g) in anhydrous tetrahydrofuran (5 ml) was dropwise added a solution of 
1-bromo-4-phenylbutane (2.35 g) in anhydrous tetrahydrofuran (5 ml) under a nitrogen atmosphere, and the mixture 
was stirred for 1.5 hours. To this solution was dropwise added a solution of 2-acetamido-1,3-bis(tert-butyldimethylsily- 
loxy)-2-(2-(4-formylpheny1)ethyl)propane (1.2 g) in anhydrous tetrahydrofuran (15 ml) and the mixture was stirred for 1 
25 hour. 3% Hydrochloric acid was poured into the reaction mixture and the mixture was extracted with ethyl acetate. The 
ethyl acetate layer was washed with saturated brine, dried over anhydrous magnesium sulfate and the solvent was dis- 
tilled away under reduced pressure. The obtained residue was purified by silica gel column chromatography (eluent 
hexane: ethyl acetate = 2:1) to give the title compound (1.27 g) as a colorless transparent oily substance. 

30 1 H-NMR(CDCI 3 ) 5 : 0.06 (12H, s), 0.90 (18H, s), 1.20-1.80 (7H, m), 1.87 (3H, s), 2.05 (2H, m), 2.50-2.60 (4H, m), 

3.61 (2H, d, J=9.9Hz) ( 3.72 (2H, d, J=9.9Hz), 4.55 (1H, t, J=5.9Hz), 5.50 (1H, s), 7.00-7.20 (9H, m) 
IR(neat): 3296, 3086, 3062, 1657 cm" 1 
MS(EI): 570 ((M-AcNH) + ) 

35 (7) Synthesis of 2-acetamido-1 ,3-bis(tert-butyldimethylsilyloxy)-2-(2-(4-(1-oxo-5-phenylpentyl)phenyl)ethyl)propane 
[0239] 

40 CHJOTBDMS OH 

CHjOTBDMS 



45 




CHjOTBDMS Q 



50 

JHjOTBDMS 



CI 




55 [0240] To a solution of dimethyl sulfoxide (0.73 ml) in dichloromethane (8 ml) was added oxalyl chloride (0.23 ml) 
under a nitrogen atmosphere at -78 °C, and then 2-acetamido-1,3-bis(tert-butyldimethylsilyloxy)-2-(2-(4-(1-hydroxy-5- 
phenylpentyl)phenyl)ethyl)propane (1.1 g) in dichloromethane (7 ml), and the mixture was stirred at said temperature 
for 1 hour. Then, triethylamine (1.2 ml) was added thereto and the temperature of the mixture was raised to room tem- 
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^ The raaoUon poorad «. - » ~ ^^^SSSS 

Fayar was »ashed «U. sata-tad brme, <M «w anhydrous nw chromatography (elrrant; haxarra: elhyl 

m), 7.84 (2H, d, J=8.6Hz) 
IR(neaf): 3313. 1741, 1684 cm" 1 

MS(EI): 568 ((M-AcNH) + ) 





elemental analysis : C^H^NC^ bi 2 


•1/2H 2 0 


15 


calculated 


C; 68.09, 


H;9.52, 


N; 2.21 




found 


C; 68.05, 


H; 9.54, 


N;2.19 



20 (8) Synthesi 
[0241] 



is of 2-amino-2-(2-(4-(1-oxo-5-phenylpentyl) P henyl)ethyl)propane-1 ,3-diol 



25 



CH2OTBDMS o 

AcNH-C— (CHzfe i J^—0-iC\\U 

ihljOTBDMS 




30 



35 



CHjOH 
CHzOH 





40 



45 



50 



55 



[0242] To a so,ution of ^mido-l^ 

KyOpropane (0.9 g) in tetrahydrofurar , (10 ^^^T^ ^Z for 1 hour. The reaction mix- 
tetrahydrofuran (5 ml) under -ce-coolmg ^*^J*^JEl*, acetate layer was washed with saturated bnne, 
ture was pound into water and extracted ^^^JJ'jSZd away under reduced pressure to give 2-aceta- 
dried over anhydrous magnes.um sulfate and the solvent was » dwMe residue. The obtained residue was dissolved ,n 
mi do-2-(2-(4-(1-oxo-5-phenylpenty.)phen y l ethyl J^^j^^S monohydrate (0.3 g) was added thereta 
water (5 ml) - methanol (5 ml) - tetrahydrofuran (3 was poured into water and extracted w.th 

mm . : 1*1- T-xxxttr m m - 295 (2H ' '■ J=7 ' 2HZ) ' 3 ' 50 "" 5 (4H ' m> ' 

7 10-7.15 (3H, m). 7.20-7.25 (4H, m) 7.86 (2H. d. J-7.9Hz) 
IR(KBr): 3349, 3290. 3025. 1678 cm" 
MS(EI): 355 (M + ) 
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elemental analysis : C22H29NO3 


calculated 
found 


C; 74.33, 
C; 74.17, 


H; 8.22, 
H; 8.29, 


N; 3.94 
N; 3.87 



10 Working example 2: Synthesis of 2-amlno-2-(2-(4.(1-oxo-5-phenylpentyl)phenyl)ethyl)propane-1 ,3-diol (other method) 
(1) Synthesis of 4-(2-bromoethyl)benzaldehyde 
[0243] 



15 



20 



25 



30 



35 



40 



Br-(CH2) 2 





CHO 



[0244] To a solution of dlchloromethyl methyl ether (62 ml) in methylene chloride (400 ml) was added titanium tet- 
rachloride (75 ml) over 10 minutes under a nitrogen atmosphere at 4-5 °C. Then, a solution of phenethyl bromide <85 
ml) in methylene chloride (50 ml) was added thereto over 50 minutes at 5-7 °C and the mixture was stirred for 5 hours 
while gradually raising the temperature of the mixture to room temperature. Water (200 ml) was added to the reaction 
mixture over 1 hour and the mixture was extracted with chloroform(200 ml). The chloroform layer was washed with 
water, a saturated aqueous sodium bicarbonate solution and saturated brine, dried over anhydrous sodium sulfate and 
the solvent was distilled away under reduced pressure to give a brown oily substance (167 g). The obtained brown oily 
substance was purified by silica gel column chromatography (eluent; hexane: ethyl acetate=20:1) to give 4-(2-bromoe- 
thyl)benzaldehyde (32.3 g) as a yellow solid, melting point 50-52 °C. 



1 H-NMR (270 MHZ/CDCI3) 8 
J=7.9 Hz), 9.99(1 H,s) 
MS(EI)m/z213(M + ) 



3.25 (2H, t, J=7.3 Hz), 3.61 (2H, t, J=7.3 Hz), 7.39 (2H, d, J=7.9 Hz), 7.84 (2H, d, 



<2) Synthesis of 1-[4-(2-bromoethyl)phenyl]-5-phenylpentan-1-ol 
[0245] 



Br-CCH^-^^-CHO 



OH 



Br-CCH^ 




45 



so 



55 



[0246] To a solution of magnesium (4.4 g) in tetrahydrofuran (20 ml) was added dibromoethane (1.6 ml) under a 
nitrogen atmosphere, and the mixture was stirred for 10 minutes. To the reaction mixture was added a solution of 1- 
bromo-4-phenylbutane (38.8 g) in tetrahydrofuran (30 ml) over 30 minutes, and the mixture was stirred for 40 minutes. 
The obtained Grignard reagent was dropwise added to a solution of 4-(2-bromoethyl)benzaldehyde (32.3 g) in tetrahy- 
drofuran (250 ml) under ice-cooling over 30 minutes and the mixture was stirred at room temperature for 2 hours. To the 
reaction mixture was added a saturated aqueous ammonium chloride solution (200 ml) under ice-cooling, and the mix- 
ture was extracted with ethyl acetate (200 ml). The ethyl acetate layer was washed with saturated brine, dried over 
anhydrous magnesium sulfate and the solvent was distilled away under reduced pressure to give a brown oily sub- 
stance (70.5 g). The obtained brown oily substance was purified by silica gel column chromatography (eluent; hexane: 
ethyl acetate= 10:1) to give 1-[4-(2-bromoethyl)phenyl]-5-phenylpentan-1-ol (32 g) as a yellow oily substance. 

1 H-NMR (270 MHZ/CDCI3) 8 : 1.30-1.90 (7H, m), 2.59 <2H, t, J=7.3 Hz), 3.15 (2H, t, J=7.3 Hz), 3.55{2H, t, J=7.3 
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Hz). 4.65 (1H. dt, J=2.0. 5.3 Hz). 7.10-7.20 (5H. m). 7.20-7.35 (4H. m) 
MS (El) m/z 330((M-17) + ) 

Synthesis of l-[4-(2-bromoethyl)phenyl]-5-phenylpentan-1-one 
[0247] 

Br-<CH 2 ) 2 -^^-CH-(CH 2 ) 4 -^^ 

I 



tan-1-ol (20.7 g) in methylene chlor.de (80 ^^JJJJJ ^further added thereto over 10 minutes at the sa.d 
stirred at the said temperature for an hour. ^^^^Sm temperature of the mixture to 0 °C gradually. The 
25 temperature and the mixture was st.rred for 2.5 hours whrt Hjs.ng t P^ w anhydrous sodium sulfate and 

reaction mixture was washed oily substance. The obtained brown o,ly sub- 

stance was purmeo c>y si» a nUsa ve || ow 0 j| y substance. 

thyl)phenyl]-5- P henylpentan-1-one (18.2 g) as a yeiiow o..y 

MS (El) m/z 345(M + ) 
35 (4) Synthesis of l.[4-(2-iodoethyl)phenyl].5.phenylpentan.1-one 



[0249] 



40 



45 



50 



55 



^50, A solution of H^-bmmoeth^ 
ny^phenylpentan-l-one (17.2 g) as a yellow oily substance. 
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1 H-NMR (270 MHz/CDC 1 3 ) 5 : 1 .65-1 .85 (4H, m), 2.67 (2H, t, J = 7.3 Hz). 2.97<2H, t, J = 7.9 Hz), 3.23 (2H ( m), 3.36 
(2H, m), 7.10-7.20 (3H, m), 7.20-7.35 (4H, m), 7.90 (2H, d. J = 8.6 Hz) 
MS (El) m/z 392(M + ) 

IR (neat) cm" 1 : 3025. 2935, 2858. 1684, 1571 
(5) Synthesis of diethyl 2-acetamido-2-{2-[4-(1-oxo-5-phenylpentyl)phenyl]ethyl}malonate 
[0251] 

O 



20 



«^CH 2 b-^^C-(CH 2 ) 4 -^^ 

{ 

COOB Q 
COOB 




[0252] A solution of diethyl 2-acetamidomalonate (30.6 g), sodium ethoxide (7.6 g) and molecular sieves 3A (5.5 g) 
in ethanol (80 ml) was stirred at room temperature for 20 hours. A solution of 1-[4-(2-iodoethyl)phenyl]-5-phenylpentan- 

25 1-one (18.4 g) in tetrahydrofuran (60 ml) was added thereto over 10 minutes and the mixture was refluxed under heating 
for 15 hours. The reaction mixture was poured into water (200 ml) and extracted with ethyl acetate. The organic layer 
was washed with saturated brine, dried over anhydrous magnesium sulfate and the solvent was distilled away under 
reduced pressure to give a brown oily substance (40 g). The obtained brown oily substance was purified by silica gel 
column chromatography (eluent; hexane: ethyl acetate= 2:1) to give diethyl 2-acetamido-2-{2-[4-(1-oxo-5-phe- 

30 nylpentyl)phenyl]ethyl}malonate (13.8 g) as a pale yellow oily substance. 

1 H-NMR (270 M Hz/CDC l 3 ) 8 : 1.25 (6H, t. J = 7.3 Hz), 1.65-1.85 (4H. m), 1.98 (3H, s) ( 2.50-2.60 (2H, m). 2.65-2.80 
(4H, m). 2.90-3.00 (2H, m), 4.15-4.30 (4H, m), 6.78 (1H, s), 7.15-7.30 <7H, m). 7.84 (2H, d, J = 8.6 Hz) 
MS (El) m/z482(M+1) + 
35 IR(neat) cm" 1 : 3381, 2981, 2937, 1739, 1681, 1606 

<6) Synthesis of diethyl 2-acetamido-2-{2-[4-(1 ,1-ethylenedioxy-5-phenylpentyl)phenyl]ethyl}malonate 
[0253] 



40 



50 



COOB o 
' / \ ll 



45 COOB 



AcNH^C-<CH 2 ) 2 — ^ >-C-<CH^4 

a 




i 



COOB J ^ 

AcNH-C^CH^-^ 
COOB 



[0254] A solution of diethyl 2-acetamido-2-{2-[4-(1-oxo-5-phenylpentyl)phenyl]ethyl}malonate (13.5 g), ethylene 
glycol (3.1 ml) and p-toluenesulfonic acid (0.53 g) in benzene (135 ml) was refluxed under heating for 20 hours, while 
dehydrating with Dean-Stark trap. The reaction mixture was treated with triethylamine <2.4 ml) and ethyl acetate <200 
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and the solvent was distilled away under reduced pressure J»»JP» f , acetate= VA)to give 

5 ent oily substance. 

(1H. s). 7.05-7.25 (7H. m). 7.33 (2H. d. J = 8.6 Hz) 
io MS (El) m/z 525(M + ) 

|R (neat) cm 1 : 3410, 2942, 1739, 1683. 1496 

(7 ) Synthesis of ^tamido^-O.I^^ 
15 [0255] 



20 



25 



30 



35 



40 



45 



I 



COOEt 
CH2OH V 



[02561 To a solution of lithium aluminum hydride (2.0 g) >" IT^S 

S diethyl 2-acetamido-2- { 2-[4-(1,1-eth y .enedioxy-5-pheny.pen^ < « mjxture 

m .) at 3^3 -C over 30 minutes^and the ^~J^^5^XSlh. mixture was stirred at room temper- 
was dropwise added a saturated aqueous concentrated under reduced pressure to 

JtK £) 7^-7.15 (3H. m). 7.20-7.25 (7H, m). 7.35 (2H. d. J = 8.6 Hz) 

MS (El) m/z 441 (M + ) 

|R (neat) crrf 1 : 3323, 2945, 1652 



50 



55 
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(8) Synthesis of 2-amino-2-{2-[4-(1-oxo-5-phenylpentyl)phenyl]ethyl}propane-1,3-diol 
[0257] 

CH2OH J ^ 

AcNH-C^CH 2 ) 2 --{ S=S V^CH 2 ) 4 

CI 



JHjOH 




i 



[0258] A solution of 2-acetamido-2-{2-[4-(1 ,1-ethylenedioxy-5-phenylpentyl)phenyl]ethyl}propane-1,3-diol (5.5 g), 
concentrated hydrochloric acid (7 ml) and water (20 ml) in tetrahydrofuran (200 ml) was refluxed under heating for 7 
hours. The mixture was adjusted to pH12 with 1N sodium hydroxide and extracted with ethyl acetate. The organic layer 
was washed with saturated brine, dried over anhydrous sodium sulfate and the solvent was distilled away under 
reduced pressure to give a yellow solid (4.7 g). The obtained yellow solid was purified by silica gel column chromatog- 
raphy (eluent; chloroform: methanol 9:1) to give a white solid (3.76 g). The obtained white solid was crystallized from 
ethyl acetate and the obtained crystals were recrystallized from ethyl acetate-ethanol to give 2-amino-2-(2-(4-(1-oxo-5- 
phenylpentyl)phenyl)ethyl)propane-1,3-diol (2.34 g) as white crystals, melting point 126-127 °C. 

1 H-NMR (270 MHZ/CDCI3) 5 : 1 .60-1 .80 (6H. m), 2.00 (4H, brs), 2.60-2.75 (4H, m), 2.95 <2H, t, J = 7.2 Hz), 3.50- 

3.65 (4H, m), 7.10-7.15 (3H, m), 7.20-7.25 (4H, m), 7.86 (2H, d, J = 7.9 Hz) 

MS (El) m/z 355(M + ) 

IR (neat) cm" 1 : 3349, 3290, 3025, 1678 



elemental analysis : C22H29NO3 


calculated 
found 


C, 74.33; 
C, 74.35; 


H, 8.22; 
H, 8.38; 


N.3.94 
N, 3.86 



Working example 3: Synthesis of 2-acetamido-1 ,3-diacetoxy-2-(2-(4-(1-oxo-5-phenylpentyl)phenyl)ethyl) propane 

[0259] 2-Acetamido-2-(2-(4-(1-oxo-5-phenylpentyl)phenyl)ethyl)propane-1,3-diol is dissolved in pyridine, acetic 
anhydride is added thereto under ice-cooling and the mixture is allowed to stand at room temperature. The reaction mix- 
ture is poured into an aqueous hydrochloric acid solution and extracted with ethyl acetate. The organic layer is washed 
with an aqueous potassium hydrogencarbonate solution and saturated brine, dried over anhydrous magnesium sulfate 
and the solvent is distilled away. The residue is purified by silica gel column chromatography to give 2-acetamido-1,3- 
diacetoxy-2-(2-(4-(1-oxo-5-phenylpentyl)phenyl)ethyl)propane. 
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Preparation examp.e 1: Synth7sis of 2 -amino-2-(2-(4-(1-oxo-6-pheny.hex y .)pheny.)ethy.)propane-1,3-dio. 
(1, Synthesis of 2-acetamido-l >bis^ 
5 [0260] 

CHaOTBDMS 

AcNH-C-CCHafe— \_/~ CHO 
10 CHaOTBDMS 



CHaOTBDMS OH 
AcNH^HCH^— ^J^CH-(CHJ s --^_y 
CHaOTBDMS 



20 



25 pound (2.7 g) as a pale yellow oily substance, 
m) 

so MS(EI): 584 ((M-AcNH) ) 

(2) Synthesis of 2-acetamido-1,3-bis(tert-buty.dimethy.si.y»oxy)-2-(2-(4^ 

[0262] 

CH 2 OTBDMS OH y=v 

AcNH-C^CH^ 2 -Y^^ CH ^~\_/ 
CHaOTBDMS 



35 



40 



\ 



CHjOTBDMS o 

45 AcNH-C-(CH 2 ) 2 — ^^-C-iCH^s 

CHaOTBDMS 




50 



55 



■-"tw oily substance. 

^-0 7 0-3 MU m\ 7 78 (2H. d. J=8.6Hz) 



7 12-7.23 (4H. m). 7.78 (2H. d, J=8.6Hz) 
IR(neat): 3311, 2952, 2929, 1683, 1657 cm" 1 
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elemental analysis : C 37 H 61 N0 4 Si 2 • 1/5 H 2 0 


calculated 
found 


C; 68.96, 
C; 68.99, 


H; 9.60, 
H;9.72. 


N;2.17 
N; 2.20 



10 



15 



(3) Synthesis of 2-amino-2-(2-(4-(1-oxo-6-phenylhexyl)phenyl)ethyl)propane-1,3-diol 
[0264] 



CHjOTBDMS 



AcNH-C— (CHjfe 

CHjOTBDMS 




20 



25 



CHzOH 
CHjOH 



O 
ii 





30 [0265] 2-Acetamido-1 ,3-bis(tert-butyldimethylsilyloxy)-2-(2-(4-(1-oxo-6-phenylhexyl)phenyl)ethyl)propane (2.0 g) 
was reacted and treated in the same manner as in Working example 1(8) to give the title compound (310 mg) as a white 
crystal substance, melting point 118-120 °C. 

1 H-NMR(CDCI 3 ) 8 : 1.42 (2H, m), 1.61-1.81 (6H, m), 2.00-2.30 (4H, brs), 2.62 (2H, t, J=7.3Hz), 2.70 (2H, m), 2.92 
35 (2H, t, J=7.3Hz), 3.52 (2H, d, J=10.6Hz), 3.61 (2H, d, J=10.6Hz), 7.14-7.18 (3H, m), 7.19-7.29 (4H, m), 7.«6 (2H, 

d, J=8.6Hz) 

IR(KBr): 3352, 2933, 1676 cm" 1 
MS(EI): 369 (M + ) 

40 





elemental analysis : C 2 3H 31 0 3 • H 2 0 




calculated 


C; 71.29, 


H; 8.58, 


N; 3.61 


45 


found 


C; 71.50, 


H; 8.32, 


N; 3.58 



50 



55 
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pane 
[0266] 

CH^OTBDMS 



10 



15 



CHjOTBOMS 

I 

CH 2 OTBOMS OH 
CH2OTBDMS 




20 



25 pound (2.6 g) as a pale yellow oily substance. 

-smtoskssssb- 

IR(neat): 3304, 3086, 3026, 2929, 1741 cm" 
30 MS(EI): 656 (M + ) 



[0268J 



35 



40 



45 



50 



55 



CH2OTBDMS OH /=v 

AhjOTBDMS 

CH2OTBDMS o /==v 

CH2OTODMS 

colorless transparent oily substance. 

m), 7.18-7.24 (4h'. m). 7.79 (2H, d, J=7.9Hz) 
IR(neat): 3313. 2929. 2856. 1684. 1606 cm' 1 
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MS(EI): 596 ((M-AcNH) + ) 



elemental analysis : C^H^NC^ Si 2 • 1/5 H 2 0 


calculated 
found 


C; 69.40, 
C; 69.12, 


H; 9.72, 
H; 9.65, 


N;2.13 
N; 2.02 



10 



(3) Synthesis of 2-amino-2-(2-(4-(1-oxo-7-phenylheptyl)phenyl)ethyl)propane-1 ,3-diol 
[0270] 



15 



CHjOTBDMS 
AcNH-C— XCH^ 

CHzOTBDMi 





20 



25 



CH2OH 

a. 



H 2 N-C-<CH 2 ) 2 



I 

CHjOH 




30 [0271] 2-Acetamido-1 ,3-bls(tert-butyldimethylsilyloxy)-2-(2-(4-(1-oxo-7-phenylheptyl)phenyl)ethyl)propane (1 .8 g) 
was reacted and treated in the same manner as in Working example 1 (8) to give the title compound (390 mg) as a white 
crystal substance, melting point 121-122 °C. 

1 H-NMR(CDCI 3 ) 5 : 1.30-1.45 (4H, m), 1.55-1.75 (6H. m), 2.00-2.20 (4H, brs), 2.60 <2H, t, J=7.9Hz), 2.71 (2H, m), 
35 3.52 (2H, d, J=10.6Hz), 3.61 (2H, d, J=10.6Hz). 7.13-7.20 (3H, m), 7.20-7.30 (4H, m), 7.86 (2H, d, J=8.6Hz) 

IR(KBr): 3288, 2929, 2854, 1676 cm' 1 
MS(EI): 383 (IvT) 



40 



elemental analysis : C24H33NO3 • 1/5 H 2 0 


calculated 
found 


C; 74.46, 
C; 74.54. 


H; 8.70, 
H; 8.77, 


N; 3.62 
N; 3.58 



Formulation example 

(1) Tablets 

so 

[0272] A tablet containing a compound of the present invention and having the following formulation is produced. 



Compound (I) 


1 mg 


Lactose 


90 mg 



39 



(2) Soft capsules (per capsule) 
[0273] 



10 



15 



BP 1 002 792 A1 



(continued) 


Crystalline cellulose 


25 mg 


Magnesium stearate 


4 mg 



Compound (I) 


30 


mg 


Polyethylene glycol-300 


300 


mg 


Polysorbate 80 


20 


mg 



Production method 
2Q [0274] Polyethylene glycol-300 and polysorbate 80 are added to a oom, 
ture is packed in a soft capsule. 

(3) Injections (per 10 ml in an ampoule) 
25 [0275] 



,pound of the present invention and the mix- 



30 



35 



Compound (I) 
Polyethylene glycol-300 
Ethanol 

Injectable distilled water 



" 0.3 % 

20% 
60% 

amount to make the total 10 ml 



Production method 

. j^ssr.sKr ~ ^ - p,e " nt in, * n,ion aa 8mpou " 00 m,) are 

obtained. 
(4) 5% Ointment 
45 [0278] 



50 



Production method 



Compound of the present invention 
Hydrophilic petrolatum 



19 
19g 



,< , • a- o^iwoH in 1 9 a of hvdrophilic petrolatum under heating at 60 



°C, and the mixture is < 
tion. 
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(5) 5% Ointment 
[0280] 



Compound of the present invention 
Plastibase 



10 



19 
19g 



15 



Production method 

[0281] A compound of the present invention (1 g) is mixed well with 19 g of plastibase (hydrocarbon gel) in a mortar 
for 30 minutes to prepare an ointment containing 5% of the compound of the present invention. 

(6) Suppository 

[0282] 



20 



Compound of the present invention 
WitepsolH15 



25 



30 mg 
72.47 g 



30 



Production method 

[0283] Witepsol H15 (72.47 g) is melted at 40 °C and a compound of the present invention (30 mg) is added. The 
mixture is stirred to disperse the compound. The homogeneous mixture is filled in a container at a weight of 725 mg 
each to prepare a suppository containing 0.3 mg of the compound of the present invention in 725 mg of the suppository. 

(7) Eye drop 
[0284] 



35 



50 



55 





Compound of the present invention 


0.2 g 


40 


Polyvinyl alcohol 


0.2 g 




Polyoxyethylene hydrogenated castor oil 60 


0.1 g 




Disodium hydrogen phosphate 


0.5 g 




Sodium dihydrogen phosphate 


0.1 g 


45 


Sodium chloride 


0.8 g 




Benzethonium chloride 


0.007 g 




Sterile purified water 


amount to make the total 100 ml 



Production method 

[0285] To 70 ml of sterile purified water is added 0.2 g of polyvinyl alcohol and the mixture is dissolved by heating 
at 70 °C with stirring. In the solution is dispersed homogeneously 0.1 g of polyoxyethylene hydrogenated .castor oil 60, 
and then the mixture is cooled to room temperature. In this solution are dissolved 0.2 g of a compound of the present 
invention, 0.5 g of disodium hydrogen phosphate, 0.1 g of sodium dihydrogen phosphate, 0.8g of sodium chloride and 
0.007 g of benzethonium chloride. To the solution is added sterile purified water to make the total volume 100 ml to pre- 
pare an eye drop containing the compound of the present invention. 



41 



(8) Nasal drop 
[0286] 
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10 



15 



20 



Compound of the present invention 


0.4 g 


Sodium citrate 


0.2 g 


Polysorbate 80 


0.1 g 


Glycerin 


2.6 g 


Benzethonium chloride 


0.007 g 


Sterile purified water 


amount to make the total 100 ml 



25 



Production method 

present. 

(9) 2% Lotion 

[0288] 



30 



Compound of the present invention 

I so propyl my ri state 

Ethanol 



100 mg 
1 ml 
4 ml 



35 



40 



45 



50 



55 



Production method 

the following. . a artiuitv various imm une reactions can be measured using lym- 

nera The allogenic MLR is . Wastage".*.* at lymph ecyte. ^MKridaal.. which a,, allcg.nic aad 

Z" ells. ^ ^^^S^wES 5£E iSSSS inducad by and re fl ec,e .ha * 

,o293, „ rc^ir~. o s srt , MS^---»'— 
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gulutinin and pokeweed mitogen or as an activity to inhibit the proliferation of the lymphocytes induced by a cytokine 
(e.g. interleukin 1, 2, 3, 4, 5 or 6) having an activity to reinforce the proliferation or promote the differentiation of the lym- 
phocytes such as T cells or B cells, or manifestation of such function. In addition, it is possible to evaluate the immuno- 
suppressive activity according to the inhibition of the production of these cytokines from T cells or macrophages. 
[0296] Alternatively, the activity can be evaluated as an activity to inhibit induction of allogenic cell-specific cytotoxic 
T cells induced in spleen cells of mouse previously immunized with, for example, allogenic cells by intraperitoneally, 
orally, intravenously, intradermally, subcutaneously or intramuscularly administering a compound to mice; as an activity 
to inhibit the production of an allogenic cell-specific antibody produced in the blood serum of mouse immunized with 
allogenic cells or the like. The activity can be also evaluated as an activity to inhibit rejection of organ transplantation 
among allogenic skin, heart, liver, kidney and so on, or graft-versus-host reaction (GvHR) and host-versus-graft reac- 
tion (HvGR) by administering a compound to rat, dog or the like. Moreover, the activity can be evaluated as an activity 
to inhibit delayed hypersensitivity reaction, adjuvant arthritis, experimental allergy encephalomyelitis, experimental 
autoimmune uveitis or the like by administering a compound to mouse, rat or the like. 

[0297] Moreover, the immunosuppressive activity may be evaluated as an activity to inhibit, for example, production 
of anti-DNA antibodies, production of rheumatoid factors, nephritis, abnormal proliferation of lymphocytes or urinary 
protein; or a macrobiotic effect by the administration of the compound to MRL/1pr mice, NZB/WF-j mice, BXSB mice, 
NOD mice and the like which are spontaneous model animals with autoimmune diseases. 

Experimental Example 1 (Inhibition of allogenic mixed lymphocyte reaction in rat) 

[0298] The rat allogenic mixed lymphocyte reaction (hereinafter referred to as rat allogenic MLR) is carried out by 
a mixed culture of nylon wool non-adhesive spleen cells from F344 rat as responder cells and spleen cells from WKAH 
rat treated with mitomycin C as stimulator cells that are used at the same ratio. 

[0299] The responder cells are prepared as follows. A spleen is removed from a 4- to 10-week-old F344 rat and a 
single cell suspension of spleen cells is obtained by the use of RPMI1640 medium (containing kanamycin sulfate 60 
pg/ml, penicillin G potassium 100 units/ml, N^-hydroxyethyt-piperazine-N'^-ethanesulfonate 10 mM, 0.1% sodium 
hydrogencarbonate and L-glutamine 2 mM) supplemented with 5% heat-inactivated fetal calf serum (hereinafter 
referred to as FCS). After hemolysis treatment, the spleen cells are passed through a nylon wool column and non-adhe- 
sive cells are collected. The nylon non-adhesive cells are adjusted to a concentration of 10 7 cells/ml by the use of 
RPMI1640 medium containing 10' 4 M 2-mercaptoethanol and 10% FCS and used as a responder cell suspension. 
[0300] The stimulator cells are prepared as follows. A spleen is removed from a 4- to 10-week-old WKAH rat and a 
single cell suspension of spleen cell is obtained by the use of RPMI1640 medium. After hemolysis treatment, the sus- 
pension is treated with 40 ng/ml mitomycin C at 37 °C for 60 minutes. After washing three times, the suspension is 
adjusted to a concentration of 10 7 cells/ml by the use of RPMI1640 medium containing 10" 4 M 2-mercaptoethanol and 
10% FCS and used as a stimulator cell suspension. 

[0301] The responder cell suspension (50 uJ) prepared by the method described above, the stimulator cell suspen- 
sion (50 u.l) prepared by the method described above and a test sample (100 uJ) prepared by the use of RPMI1640 
medium containing 10% FCS are placed in a 96 well flat-bottomed micro test plate and cultured at 37 °C under 5% CO r 
95% air for 4 days. 

[0302] The histogenesis reaction of lymphocytes in rat allogenic MLR is determined by a method using ^-thymi- 
dine uptake as an index. Namely, after the culture, 3 H-thymidine 18.5 KBq/well is added and the cells are cultured for 4 
hours. The cells are collected by a cell harvester and the radioactivity incorporated into the cells is determined by a liq- 
uid scintillation counter and used as an index for the lymphocyte blastogenesis in rat allogenic MLR. The inhibition of 
rat allogenic MLR is calculated by the formula below and evaluated accordingly. 

Inhibition (%) = Pi- ( c P m of MLR witn tes * sample) - (cpm of responder cells alone) ] 
L (cpm of MLR without test sample) - (cpm of responder cells alone) J x 

[0303] The compounds of the present invention show an ICso value (a concentration to inhibit by 50%) of from 
about 1 nM to about 50 nM in a rat allogenic mixed lymphocyte reaction. 

Experimental Example 2 (Inhibition of proliferation of interleukin 2 (IL-2)-dependent mouse T cell line CTLL-2 induced 
by IL-2) 

[0304] An IL-2-dependent mouse T cell line CTLL-2 is prepared to a concentration of 2 x 10 5 cells/ml in RPMI1640 
medium containing 10% FCS. A cell suspension thereof (50 uJ), recombinant human IL-2 (rh-IL-2) 40 U/ml-(50 uJ) and 
a test sample (100 uJ) prepared by the use of RPMI1640 medium containing 10% FCS are placed in a 96 well flat-bot- 
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10 



15 



, „ ^ kv ro 95% air for 68 hours. After the culture, 100 ul of the super- 
tomed micro test plate and cultured at 37 «C unde ^^95^^ ^ ^.^.s^iphenyltetrazolium bromide] 
natant of each well is removed and a \^J^^^SSrC for4 hours. Then, 0.01N hydrochloric acid 
solution is added to each well by 20 ul and the ce * "^SSlI etc and the cells are incubated at 37 -C overnight, 
solution (100 ul) containing 10% sodium dodecyl ^ » 'J^SbSS at 570 nm is measured using a microplate 

a X^CoX^ n is calculated by the following formula. 

Inhibition (%) = 

[, ] * 100 

u ^ ir x/fllue fa concentration to inhibit by 50%) of from 
Exp.Hm.nWI E«mpte 3 (Inhibitory effed or delayed type hypersensi.iy«y reaction i 



i in mice) 
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Experimental cAnmpw ^ \ * 

Lh«iat.d hum- «»■" »"»"* (M * HSA) ?S rSl^eS Co., Ud.) .nd .hereafter 25 pi of 0.25% 

is measured using (ooc volume ™"°™ a «"f "^1 ^ to induoi delayed hypersensitivity reaetion (DTH reao- 
MeHSA soMion is injeCed into me , B ht h^pd foot ^ d " ^.ns^tion. L volume of tight hied foot is measured 

- — - are also measured. Test oompoonds are admi, 

administration at 0.1 to 10 mg/kg. 

Experimental Example 4 (Inhibitory effect on host versus graft reaction in rats) 

,0308] A spleen is removed from a male WKAH rat at 4 * ^SlTat 
£2n of spleen cells using RPM.1640 and L-g.utamine at 2 

P 00 units/ml, N-2-hydroxyethylpiperaz.ne-N "2-ethanesul ate at 10 JJJ-J, medjum and are adjusted at 5 x 10 7 

mM). After hemolysis treatment, the cells are -shed three ce „ suspension into right hin d foot pad 

cells/ml with physiological sal.ne for injection. ^ ction) „ jnduced . After4 days of the mjec- 

of male LEW rats at 4-5 weeks of age, the host ^ ^ I ^^ d and the weight of them is measured. The test 
tion of the cells, both of right and left popliteal lymph ™^™^ h node wei ght and the left popliteal lymph node 
compounds are examined by dU^^m *mjg* gJ^^J^ of 9 the cel |s, blood is obtained from ta 
weight as an indicator of HvG react.on In add ten. after hem ocytometer for animal 

injection of the cells. 

Experimental Example 5 (.nhibitory effect on graft versus host reaction in rats) 

. , . /nxjU r^artion^ which are systemic and local GvH reac- 

[0 309] There are two types of graft versus ^f^^T^XZ^L at 150 ml/kg to 5-week-old 
ions. Systemic GvH reaction is induced by ^ e ^f^Zeen 71 from female LEW rats at 5 weeks of age 
female (LEWxBN)F 1 rats and by intravenous injection o 5 x 10 j'« en jva , tjme after the induction of systemic 

to them on the next day. Test compounds are .examined ^^"JJ^^r spleen cells from 5-week-old male 
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Experimental Example 6 (Inhibitory effect on antibody production against sheep red Wood cells in rats) 



[0310] Four to six-week-old male F344 rats are immunized by intravenous injection with 1 x 10 8 of sheep red blood 
cells. After 4 days from immunization, the spleen is removed, and the number of anti-sheep red blood cell antibody pro- 
ducing cells are counted by direct hemolytic plaque forming assay using sheep red blood cells and guinea pig comple- 
ment. In this case, the body weights, wet weights of thymus and spleen, and the number of spleen cells are also 
measured. Test compounds are orally administered daily for 4 days after the day of immunization. 

Experimental Example 7 (Inhibitory effect on adjuvant arthritis in rat) 

[0311] Dead tuberculosis bacterium (R35H5v-1 strain, 0.5 mg) is suspended as an adjuvant in 0.1 ml of liquid par- 
affin and inoculated to the root of tail of an 8-week-old male LEW rat. After the inoculation up to day 21 of the adjuvant, 
the presence or absence or the onset of arthritis is observed and the day of onset of arthritis and the ratio of the onset 
cases are determined. The swelling of right hind foot pad of the rat is periodically measured by using foot volume meas- 
uring apparatus (TK-102; Neuroscience Co., Ltd.). At day 21, the roentgenogram of the hind foot of the rats is taken, 
based on which the degree of destruction of articulation is evaluated. Test compounds are orally or intravenously 
administrated from the day of adjuvant inoculation daily for 21 days. 

[0312] When the test compound is not administered, arthritis is found in all 7 rats inoculated with adjuvant at day 
9.6±0.5, along with swelling of hind limbs and destruction of the articulation. 

[0313] The compounds of the present invention delayed the onset of and decreased the ratio of the onset cases of 
the adjuvant arthritis to a statistically significant degree and significantly suppressed swelling of the hind limbs and 
destruction of the articulation by the administration of 0.1-10 mg/kg thereof. 

Experimental Example 8 (Inhibitory effect on collagen-induced arthritis in rats) 

[0314] Seven to eight-week-old male Sprague-Dawley rats are intracutaneously injected by division of 5 portions 
with 1 ml of emulsion which are prepared by mixing 0.1 N acetic acid solution containing bovine type II collagen at 2 
mg/ml with Freund's incomplete adjuvant at a volume ratio of 1:1. After 7 days, re-immunization is performed by intrac- 
utaneous injection of collagen emulsion prepared by the same method into the root of tail. The swelling of right hind foot 
pad of the rat is periodically measured by using foot volume measuring apparatus (TK-102; Neuroscience Co., Ltd.). 
[0315] Additionally, after 10 and 21 days from primary immunization with collagen, the blood is collected and anti- 
type II collagen antibody titer of the serum is measured by ELISA method. Test compounds are orally or intravenously 
administered daily for 21 days from the day of primary immunization. 

Experimental Example 9 (Inhibitory effect on experimental allergic encephalomyelitis in rats) 

[0316] Eight-week-old female LEW rats are immunized by intracutaneous injection to their right hind foot pad with 
0.1 ml of emulsion of Freund's complete adjuvant containing 100 jag of myelin basic protein (MBP) purified from spinal 
cord of guinea pigs and 1 00 jig of dead Mycobacterium tuberculosis H37 RA. Thereafter somatic symptoms after immu- 
nization are judged according to the standards of 6 levels. 

Score 0: No symptoms 
Score 1 : Weakness of tail 
Score 2: Weakness of hind limbs 
Score 3: Paralysis of only one hind limb 
Score 4: Paralysis of both hind limbs 
Score 5: Incontinence of urine or death 

[0317] Additionally, after 20 days from immunization with MBP, the spinal cords are removed from the rats to make 
tissue section and the histology of them are investigated alter staining by hematoxylin-eosin method. Test compounds 
are orally administered daily for 20 days after the day of immunization. 

Experimental Example 10 (Inhibitory effect on experimental autoimmune uveitis) 

[0318] Eight-week-old female LEW rats are immunized by intracutaneous injection to their right hind foot pad with 
0.1 ml of emulsion of Freund's complete adjuvant containing 30 ng of soluble antigen <s-antigen) purified from bovine 
retina and 100 fig of dead Mycobacterium tuberculosis H37 RA. Onset and seriousness of uveitis are periodically 
inspected after the immunization. Seriousness of uveitis is judged according to the following standards. 
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Score 0: No inflammation 

Score 1 : Weak, or light (hyperemia of iris and emergence of exudate in artenor chamber) 

Score 2: Medium (small hypopyon) 

Score 3: Strong (noticeable hypopyon and exophthalmos) 

,03191 Additionally, after 15 days from immunization with s-antigen. eyeballs are removed from the rats to make tis- 
sue section anil the hfsto.ogy of them is investigated after staining by hematoxyl,n-eos>n method. 

Score 0: No infiltration of inflammation-associated cells 
Score 1: Slight infiltration 
Score 2: Weak or light infiltration 

Score 3: Medium infiltration and partial destruction of visual cell layer 
Score 4: Remarkable infiltration and complete destruction of visual cell layer 

[0320] Test compounds are orally administered daily for 1 5 days after the day of immunization. 

Experimenta. Example 1 1 (Effect on survival of MRL/lpr mice as a mode, of spontaneous systemic lupus erythemato- 

sus) 

daily administration .s cont.nued unt.l 8 to 45 weeks of age ana to _me periodically obtained from the 



urine. 



Experimental Example 12 (Prolonging effect of skin graft on allogenic skin graft in rats) 

upon grafting of the skin of a WKAH rat to an F344 J^^™^ 4 days resp ectively. The compound of the 

SiZn. pigr9 .ffec. as comparad to ft. centra, gr~P «* ""«* •'»»• 

Exp.Hm.rta1 Example 13 (Body weight Chang, on allogenic skin graft In tats) 

,n»m The ch.no.. in body weight In rats of Expehm.n«l Example 12 on testing of ellog.nio akin graft in rats, eft.r 
of „rio„. aid. effect, auoh as nutrition Jh ~^und "the praa.n. invention 
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tion is a highly safe immunosuppressant with less toxicity, which is free of the aforementioned side effects. 



Experimental Example 14 (Prolonging effect on graft survival of cardiac graft on allogenic cardiac graft in rats) 

[0328] The hearts from the male WKAH rats at 10 to 14 weeks of age are heterotopically transplanted in subcuta- 
neous locations at cervixes of male ACI/N rats at 10 to 14 weeks of age using vascular anastomosis. The transplanted 
hearts are judged to be rejected in the case of the cessation of heart beat, then survival time was calculated. Test com- 
pounds are orally administered repeatedly for 15 days from the day of transplantation. 

Experimental Example 15 (Prolonging effect on graft survival of renal graft on allogenic renal graft in dogs) 

[0329] Mongrel and beagle dogs are used as donors and recipients, respectively, and then the prolonging effect on 
the survival of transplanted kidney is examined by performing surgery of renal transplantation. After the transplantation, 
the blood was collected from the transplanted animals periodically to measure the levels of serum creatinine and blood 
urea nitrogen (BUN). 

Experimental Example 16 (Inhibition of blastogenesis reaction of rat spleen cells induced by stimulation with conca- 
navalin A) 

[0330] Inhibition effects of blastogenesis reaction of rat spleen cells induced by stimulation with concanavalin A is 
tested in the following manner. 

[0331] A spleen is removed from a 4- to 10-week-old male F344 rat. The removed spleen is opened with scissors 
and filtered through RPMI1640 medium supplemented with 10%FCS using a stainless mesh to give a single cell sus- 
pension of spleen cells. After hemolysis treatment, the spleen cells are passed through a nylon wool column and non- 
adhesive cells are collected. The collected nylon non-adhesive cells (5 x 10 6 cells/ml ) are cultured in RPMI1640 
medium containing 5 jug/ml concanavalin A, 5 x 10' 5 M 2-mercaptoethanol and 10% FCS at 37 °C under 5% C0 2 -95% 
air for 72 hours. 3 H-thymidine 18.5 KBq/well is added and the cells are cultured for 4 hours. The cells are collected by 
a cell harvester and the radioactivity incorporated into the cells is determined by a liquid scintillation counter and used 
as an index for the blastogenesis of rat spleen cells. 

[0332] The compounds of the present invention show an ICgo value (a concentration to inhibit by 50%) of from 
about 1 nM to about 50 nM in blastogenesis reaction of rat spleen cells induced by stimulation with concanavalin A. 

Industrial Applicability 

[0333] From various pharmacological testings inclusive of the above-mentioned Experimental Examples and toxic- 
ity testing, it is evident that Compound (I) of the present invention, a pharmaceutical^ acceptable acid addition salt 
thereof and a hydrate thereof show superior immunosuppressive action without inhibitory action on body weight 
increase which is related to serious side effects, and are useful as superior immunosuppressants with less toxicity and 
higher safety. Moreover, the Compound (II) and Compound A of the present invention are useful as synthetic interme-_ 
diates for Compound (I) which is useful as an immunosuppressant. 

[0334] The present application is based on Patent Application No. 86255/1997 filed in Japan, the content of which 
is incorporated hereinto by reference. 

Claims 

1. A 2-aminopropane-1 t 3-diol compound of the general formula 

CHjOR 3 o 

R 1 R 2 N-C-(CH2) 2 — ^^-S-(CH2)4-^^ ( I ) 

CHzOR 4 

wherein R 1 , R 2 , R 3 and R 4 are the same or different and each is a hydrogen or an acyl; a pharmaceutical^ accept- 
able acid addition salt thereof or a hydrate thereof. 
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, The 2-arninopropane-,3-dio, -.pound l^l^l^Z 
nylpentyl)phenyl)ethyl) P ropane-1,3-d.ol. a pharmaceut.cally acceptao. 



thereof. 

3. ^rroW^pr^^^^ 

acceptable acid addition salt thereof or a hydrate thereof. 

thereof or a hydrate thereof. 

addition salt thereof or a hydrate thereof. 

rier. 

hydroxy (TO* »«■» •««««« »' a saH lh = re0f 
2 . AriTO - 2 , 2 ^ fo , m ,lph^,Wp ro p a n,.1.3*,. a compound M wherein ,n*o group end/or hydroxy 
group are(is) protected or a salt thereof. 
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FIG. 1 




Days after transplantation (day) 
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